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ABSTRACT 

The importance of the synthetic 
fibers to the war effort and the con- 
tribution they will make to post-war 
textiles are direct results of their 
unique properties. These properties 
are summarized as a background for 
the discussion of the utilization of 
the fibers. The dimensions and con- 
figuration, physical, chemical, and 
biological properties of the fibers 
are compared. The wide range in 
broperties and adaptability of the 
synthetic fibers are stressed. 
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I. INTRODUCTION 


CIENCE and engineering have pro- 

vided new fibers for the manufacture 
of textiles as startling in their possibilities 
for this field of use as the related plastics 
are for other fields. The rapid progress 
in their development immediately preced- 
ing the war has been accelerated by the 
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stry. Thep ¥at effort and these new fibers have been 
ment butf “tilized effectively by the military services. 
- the con-§ These fibers and others to come hold fas- 
Solozone — >. 





* Presented at Annual Meeting, Atlantic City, 
N. J., October 14, 1944. 

‘Miss Josephine M. Blandford gathered the data 
and prepared the tables for this paper. Her help 
's gratefully acknowledged. 

‘Numbers in brackets refer to the list of refer- 
ences at the end of this paper. 
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paper yourself if you have anything to 
contribute to the subject, thus making the 
meeting a symposium in which you not 
only listen to what these four men think 
about their subjects, but you tell us what 
you think about the subjects—what you 
disagree with and what you think should 
be added to the discussion. 

Therefore, without any further pre- 
liminaries, I shall call on our esteemed 
president, Mr. Appel, to give his paper 
on “A Survey of the Synthetic Fibers.” 

. .. President Appel then presented his 
prepared paper (Applause) .. . 





A SURVEY OF THE 
SYNTHETIC FIBERS* 


WM. D. APPEL? 


cinating prospects for the future of the 
industry. Indeed the textile industry is 
being released by them from the limita- 
tions imposed by the exclusive use of 
natural fibers [1]. 

But it is not the purpose of this paper 
to eulogize these new developments nor 
to extol the merits of particular products. 
Neither is it the purpose to describe the 
current uses and future possibilities of the 
synthetic fibers, for others have done that 
[1,2]. The purpose is to summarize 
available data on the important properties 
of the fibers and compare them with simi- 
lar data for cotton,, wool, and silk. 

This would appear to be easy in view of 
the excellent summary of synthetic fiber 
properties by Woolf and Chase, published 
a year ago in Textile World [2], and the 
data in the numerous technical articles on 
these fibers [3]. It would appear interest- 
ing to assess these fibers on the basis of 
their properties as revealed in the data, 
for textile chemists and colorists are more 
concerned with the chemical and physical 
behavior of the fibers than with the glamor 
that surrounds them in advertising. 

The data on the fibers have been assem- 
bled from the viewpoint of their use as 
engineering materials, a viewpoint well 
expressed by Dr. Harold deW. Smith in 
his Marburg lecture before the American 
Society for Testing Materials last June [4]. 
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The results are disappointing because 
technical data are meager even for the 
natural fibers. Excellent data are avail- 
able for particular properties of particular 
fibers, but comparable data for otkers are 
lacking. One must realize, of course, that 
much of the work to date has been explo- 
ratory in nature. One must realize the 
difficulties involved in testing textile 
fibers, the lack of suitable test methods 
for some properties, and the dependence 
of the results upon the condition of the 
material and the method of test. This is a 
fertile field for research. A systematic 
comparative study of the properties of the 
fibers in one laboratory with well defined 
materials and methods is needed. Dr. 
Smith expressed the hope in his Marburg 
lecture that this work will be undertaken 
soon. Perhaps something can be done 
about it at the National Bureau of Stand- 
ards when the war is over. 


Il. COMPOSITION AND STRUCTURE 

Table 1 has been prepared to remind 
you of the chemical nature of the fibers. 
The structural units from which the fibers 
are built are shown to the right of the 
group and trade names. These units are 
linked end to end in the fiber, forming 
molecules several hundred to several thou- 
sand units long. The orientation of these 
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linear polymeric molecules lengthwise of 
the fiber, by nature as in cotton, or by 
stretching, drawing, or other special han- 
dling as in the manufacture of certain 
types of rayon, polyamide, vinyl resin, and 
vinylidene chloride fibers, leads to in- 
creased crystallinity of structure and in- 
creased strength. Cross linkages between 
the long-chain molecules of wool give 
this fiber an elastic net-like structure 
which contributes to its unique properties. 

Many of the properties of the fibers 
besides strength and elasticity, reside in 
their composition and structure. For ex- 
ample, the hygroscopicity of the cellulosic 
fibers is associated with the OH groups in 
them, the lack of it in vinyl resin and 
vinylidene chloride fibers with the absence 
of these groups. The stability and the 
dyeing characteristics of the fibers depend 
primarily upon the chemical structure. 
The absence of OH, COOH, and NH 
groups from vinyl and vinylidene chloride 
fibers accounts for their lack of affinity for 
dyes and for their resistance to acids, 
alkalis, mildew, and bacteria. 

The structural formulas suggest many 
ways in which the fibers, both natural and 
synthetic, can be modified by chemical 
means to improve their performance. Cot- 
ton itself can be modified through substitu- 
tion at its OH groups. Acetate rayon, 
which is nominally cellulose diacetate is 
only one of several derivatives of cellulose 
of commercial importance. Other esters 
and ethers have been made into fibers. 
De-acetylation of acetate rayon under suit- 
able conditions gives Fortisan, one of the 
strongest synthetic fibers available today. 
By splitting and blocking the -S-S- linkages 
in wool, the Textile Foundation laborator- 
ies at the National Bureau of Standards 
have been able to make wool indigestible 
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by moth larvae and resistant to alkaline 
laundering. Many types of polyamide 
fibers differing in their properties are 
possible through choice of the raw mate- 
rials used in their manufacture and degree 
of polymerization. Ten types are said to 
be in production. By varying the propor- 
tions of vinyl chloride and vinyl acetate 
in vinyl resin fibers, the properties of the 
product can be varied to meet the needs 
of particular uses. The same can be said 
for vinylidene chloride fibers. Several 
types of glass fibers are produced. 

These facts are reviewed to emphasize 
this phase of the adaptability of the fibers. 
Synthetic fibers can be produced in a 
great variety of chemical types from a few 
raw materials just as aniline dyes can. To 
a lesser degree, natural fibers can be 
modified to meet special requirements of 
use. 


Ill. DIMENSIONS AND CONFIGURATION 
Although many of the characteristics of 
fibers, both physical and chemical, depend 
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upon structure, the dimensions and cq 
figuration contribute importantly. Textily 
made from continuous filaments 
markedly in appearance and feel frog 
those made from staple fibers. The wid; 
or diameter of a fiber influences the stif 


ness of fabrics made from it, the abrasiqy, 


resistance, and the draping qualities. Th 
configuration of cross section, whethy 
round and smooth as in glass, polyamik 
and vinylidene chloride fibers—or fla 
tened as in vinyl resin fibers—or lobed 4 
in some rayons, has an important effec 
upon the appearance and feel of the prod. 
uct. Uniformity of diameter is importan 
Table 2 is an attempt to give the presen 
status of commercial fibers with respect t 
some of these characteristics. The cros 
sections are merely suggestive and it mus 


be recognized that while cotton, wool, andj 


silk are definitely limited in dimension 
and configuration, the other fibers can k 
varied far beyond the limits suggested by 
this table. The shape of the cross section 
can be varied. Hollow filaments, mud 
finer filaments, crimped filaments, and 
rods and ribbons have been produced. 
The adaptability of the synthetics in di 
mensions and configuration is almost with 
out limit. 


IV. PHYSICAL PROPERTIES 


Data on the physical properties of the 
synthetic and common natural fibers, com 
piled in the next few tables, show why 
the synthetics have been in demand for 
various military uses, where tensile 
strength, flexibility, impact strength, and 
toughness are essential. Cotton is 4 
strong fiber, as can be seen from Table 3, 
but its strength is not fully realized in 
cotton textiles. The ordinary rayons, with 
dry strengths of the order of 2 grams pet 
denier, were the only synthetics available 


TABLE 2 
Dimensions, Etc. 
CROSS SPEGIAL 
LENGTH WIDTH SECTION FEATUR 
CONTINUOUS STAPLE 
MICRONS 
Yes Yes 8 TO 16 _ 
Yes yes 18 TO 24,UP O 
NO V2 TO6IN 15 7027 O CRIMPED 
ws es tous COC) eaten? 
ves NOT AT PRESENT O 
YES NOT AT PRESENT 16 TO18 g 
400 TO 600 
YARDS ves 9 TON 9 
NO LS TO ISIN 18 TO! OD Shaped 
USUALLY © 
NO ee 18 TO 20 » CONVOLUTED 
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culitS jcher synthetics with three or more times 
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ces the stiff fibers is quite as good as the dry strength, 





the abrasion which was far from true of the rayons 
alities. Th until recently. 
mn, whethe 
. _———————EEE————————————— 
» polyoma TABLE 3 
s—or fag Tensile Strength 
-or lobed 4 ll a 
ortant effer Grams Per Per Cent 
of the od Denier of Dry 
pave Polyamide, Strong ..+. 7.0-6.0 90- 84 
S important# Rayon, Saponified Acetate. . POT a 65 
BE aba ch-bnw eau te e4 ¥.n.0 6.5-3. 
the presen cotton, Sea Island... 6.3-4.4 130-110 
h respect to Vinylidene ............-. 6.0-3.6 100 
Th Cotton, American Egyptian 5.5-4.2 130-110 
€ Cros “American Upland ...... 4.9-3.0 age-t38 
and it Silk, Degummed ......... 4.9-2.8 95-7 
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1, WOOI, and Rayon, Viscose, Strong.... 4.6-3.4 4 45 
H . Vinyl, Strong ........... 4.4-3.5 10 
dimension Rayon, Viscose, Semi-Strong 2.9-2.5 62 
bers can kB Vinyl, Regates stesso" — 00 ™ 
Rayon, Viscose, Regular... 4-1. - 
iggested by Cuprammonium ........ 2.3-1.6 55 
ross secti Rayon, Acetate .......... 1.8-1.2 70- 56 
~~  \arreertpenprdes 1.7-1.0 97- 76 
ents, muh Casein ...........------. 1.0-0.6 50- 35 
errr ree 0.6 30 
ments, asl vinyl, Elastic ............ 0.2-0.1 100 
produced. 
“= in di Although high strength fibers are re- 
most with quired for some uses of textiles, other 
properties may be much more important. 
1ES Thus, wool, which is near the bottom of 
ties of thet Table 3 with a strength of only 1 to 1.7 
ibers, com) 8tams per denier, is adequately strong for 
show whyf its uses. Casein fiber and soybean protein 
emand for fter, still lower in the table, have been 
re tensile found suitable for certain purposes. 
sngth, and The elastic type of vinyl resin fiber, 
‘ton is af Which is the weakest of all the fibers 
n Table 3) listed in table 3, is outstanding in its 
ealized in} @xtensibility. It heads the list with re- 
yons, with) spect to this property, in Table 4. It has 
grams pet good elastic recovery, as will be shown in 
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a moment, and has been used where rub- 
ber was used before the war. In general, 
the stronger the fiber, the less extensible, 
as can be seen by comparing tables 3 
and 4, 











SPEGIAL 
N FEATUR 
TABLE 4 
Extensibility 
Elongation at Break, Per Cent 
Dry Wet 
ME Jcwseuceseees 400 400 
CRIMPED er reer rr eee 50-28 61-29 
5 _— —_ Pee ey ere ene eee 50- 7 120-83 
Sr errr Se tere 40 60 
“ee, Gnedier .......0000.- 35-14 35-14 
OM, BOMBS ...00650000. 30-23 38-30 
i date lado 30-20 30-20 
Polyamide, Regular ........ 22-18 30-12 
eae 20-13 
Rayon, Viscose, Regular..... 20-16 35-18 
Viscose, Semi-Strong ..... 20-16 27-20 
i, eee 19- 9 22-14 
Cuprammonium .......... 17-10 33-17 
Polyamide, Strong .......... 17-11 30-12 
sme vee, Stromg ............ 16 16 
ee eee 7-3 
Rayon, Saponified Acetate.... 6 6 
CE TID occ. 6:0: 5'0:6:6:0-6:0-6 6:0:00:0:610.0 3- 2 2-1 
The recovery of the fibers when sub- 
ee 





jected to a tensile load and then unloaded 





PORTER 






January 15, 1945 


Proceedings of the American Association of Textile Chemists and Colorists 





is shown in table 5. The extent of recov- 
ery depends upon the elongation, the time 
the load was on, and the time it was off. 
Glass, polyamide, vinyl resin, vinylidene, 
and silk fibers rank high in recovery, but 
more data are needed for a thorough 
characterization of the behavior of the 
fibers under different conditions of loading 
and unloading. 





TABLE 5 
Recovery on Unloading 
When Recov- 
Elongated ery Is In 
Per Cent PerCent Seconds 
Glass as 100 se 
Polyamide 1 82* 60 
2 63* 60 
4 73 60 
8 100 60 
16 91 60 
Vinyl, Acetate. a 96 After a Time 
Up to 80 90 Immediately 
Vinylidene ee 95 oe 
ae 1 82* 60 
2 74* 60 
4 76 60 
4 59* 60 
8 56 60 
16 47 60 
Aralac .. Less Than Wool 
Rayon, Viscose, 
Regular .... . 74-30 
14 58 
Rayon, Acetate 4 65-50 
14 29 


* Against a Load of 0.25 G/Den. 





Data on the modulus of elasticity of 
the fibers are given in table 6. Like other 
characteristics, the modulus of a fiber 
varies greatly with moisture content and 
time factors in testing. 





TABLE 6 
Modulus of Elasticity 
10° Dynes Per Sq. Cm. 


Velocity 
Static Dynamic of Sound 
Method Method Method 





eee 128-69 
Silk, Degummed..... 8.8 -6.9 14.4 
Silk, 47.5% Relative 
Humidity ...... 9.8 os 
80.0% R. H. ... -6.2 ns 
90.0% R. H. ... -5.0 - 
Cotton, Mercerized... 7.85- sa 
Cotton, 65% R.H... -5.9 os 
TH BR. Maccscsce -5.2 oe e 
Rayon, Viscose...... 8.3 -5.9 11.5 14.7* 
7.3§ 11.5¢ 
1.3 
Viscose, Strong... .10.§ 33.3 44.5* 
33.8t 
8.8t 
Rayon, Acetate ..... 4.9 -3.45 6.1¢ 
1.7$ 
8.3§ - me 
WE se stesxrccneee 3.9 -2.5 oe 5.1 
Polyamide, 0% R.H.. 4.95-4.8 oe 
BD Be Beccccecs 3.1 
300% R. H........ 1.17 
* Dried. 
‘+ Air dried. 
+ Wet. 


§ Measured at very short times. 





Smith [4] has calculated the relative 
stiffness of the fibers and some of his 
figures are given in table 7. Jute heads 
the list, with glass second. There is an 
overall range in relative stiffness of 1 to 
10,000. On a relative toughness scale, 
table 8, also from Smith, vinylidene chlo- 
ride heads the list, with polyamide second, 





and jute and glass at the bottom. The 
range in this property is 1 to 28. Again 
synthetic fibers are outstanding. 





TABLE 7 
Relative Stiffness 
Average Stiffness Index 














BO vo s.0 005.06 eas ee beetensetsehenedes 4.0 
DD: centeeeeeeen6cneeeessseoecenenens 2.9 
Rayon, Saponified Acetate............- 0.80 
CE aasadvensé4ssibwvasrddauden sow 0.47 
Polyamide, Strong ......cccccccccccces 0.41 
Rayon, Viscose, Strong 0.28 
Polyamide, Regular ...........- 0.22 
Viel, BevOM 2. cccccccccccccccccceccss 0.22 
VUES ccccccccccccencccvsccceecee 0.18 
GE, DINE 6. ccc ccc cvccccesescees 0.15 
Rayon, Cuprammonium ...........-+++- 0.14 
Rayon, Viscose, Regular..............- 0.11 
WH, DED cc cccsecicccvcscscesoes 0.07 
MEM, BOM 2c cccccccccccrccccsces 0.05 
er rere 0.04 
CE. nditnpiecusobesnsesaseesneaeens 0.02 
Wy CE dies cecszccereseeaccvese 0.0004 
TABLE 8 
Relative Toughness 
Average Toughness Index 

WUD no n0.0:00:600'0:000600600000000008 56.2 
Polyamide, Regular ......cccccccscccceces 45.0 

ED bp c50000:0 60 ntnew ee ccenenyeseeeds 40.6 
i, IIL so 00:00:08 s00enbonneveees 40.2 
SE, SEEN. n.vcccceecenesesecs oesaanes 30.0 

SS rer re ere 30.0 

. . errr paseweneensen 24.7 
Basen, Viscose, BOR. +... ccccccvseses 19.5 
WED btinw.406senvcseessecnseseeneséenas 19.8 
Rayon, Saponified Acetate..... 536 00eeees 18.9 
I, SD 0.66 40-00'00-0600000004644000 16.2 
Rayon, Viscose, Regular........cccccccce 14.4 
Casein 14.0 
Rayon, 13.3 
Cotton 11.6 
Glass .. 5.8 
Jute 2.0 





The densities of fibers are fairly well 
established in the literature. They are 
given in table 9. They range from 2.56 
for glass to 1.14 for polyamide fibers. 
That data on fiber properties does not 
necessarily represent properties of prod- 
ucts is well illustrated by these figures. 
It might be assumed that low density 
would give high bulkiness and covering 
power in the product. But these proper- 
ties are also influenced by the form of 
the fiber, its cross section, whether smooth 
or rough, whether continuous filament or 
staple, crimped, or otherwise. Hosiery 
made from nylon, for instance, possesses 
greater shearness than comparable silk 
hose, even though the fiber has lower 
density. 





TABLE 9 
Density 

CG per cm* 
SD a teaduidcnsvaséNebediinen wees 2.56-2.52 
0 re re 1.72 
Rayon, Cuprammonium .............. 1.54-1.52 
EY TE oo 5 ok dasiees de ee deeeen 1.54—1.52 
DE Nini sreeadcnSbecksanaees eet 1.54-1.48 
Rayon, Deacetylated Acetate.......... 1.52 
EY ES c.bSc dae aibien.eew ane 0ed 1.36-1.34 
th Ce i 6 sé rckkebeneet ee seeee 1.35-1.30 
ee er ere mer re 1.32-1.30 
Dh tite cn ddeb Gh teeesaenadened 1.29 
tt i cvctenewedebenas cues 1.25 
PE EEE nsec aeneeeveesessesens« 1.19 
PE 6060505000 05s406000000608 1.14 





These tables of physical properties show 
the extent to which the synthetic fibers 
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have extended the range of properties be- 
yond those of cotton, wool, and silk. They 
show that the fiber standing highest with 
respect to one property may stand lowest 
with respect to another. Textile uses call 
for fibers having various combinations of 
properties, and it is not to be expected 
that any one fiber will be ideal for all 
uses. 
V. CHEMICAL PROPERTIES 

What has been said about the physical 
properties of the fibers is applicable also 
to the chemical properties though the 
published data are somewhat sketchier and 
less amenable to comparison. It would be 
possible to go on and describe in detail 
numerous ways in which the synthetic 
fibers contribute new properties or extend 
the possibilities of the industry. Only a 
few of them will be mentioned. 

Vinylidine chloride and vinyl resin 
fibers are in general not affected by acids 
and alkalis and are resistant to many other 
chemicals. Polyamide and glass fibers are 
not affected under specified conditions. 
Consequently these fibers have been used 
in the chemical industries as filters for 
corrosive liquids and for other purposes. 

The stability of the fibers in light varies 
from fair to good, depending upon the 
type just as does that of the natural fibers. 
With the exception of the regenerated 
cellulose rayons and the protein fibers, 
the synthetics are highly resistant to at- 
tack by mildews and other micro-organ- 
isms that, play havoc with natural fibers. 
Cordage made from vinyl resin and 
vinylidene chloride fibers resists deteriora- 
tion from exposure in sea water. 

Table 10 shows the behavior of the 
fibers on heating. Glass is, of course, in- 
combustitle, has a high softening point, 
and considerable thermal stability. Poly- 
amide, acetate, vinylidine chloride, and 
vinyl resin fibers are thermoplastic. They 
vary in softening point, thermal stability, 
and combustibility. The thermoplasticity 


TABLE 10 


Effect of Temperature 


Softens 
or Melts 
Above °F. 

1500 
Polyamide ... 435 470 
Rayon, Acetate 200-220 445-400 
Vinylidene ... 170 280-240 


Loses 
Strength 
Above °F. 


Burning 
Rate 


Incombustible 

Slow, melts 
slow 

Self-extin- 
guishable 

Vinyl, Elastic. 175+ Very Slow 

356* 

Vinyl, Regular 150§ Does not sup- 
port combus- 
tion 


410t 


Very slow 


Viscose .. 300 
Cupram- 
monium 300 
Cotton 


Rapid 


Rapid 
Rapid 


* Becomes tacky at 240°F. 

*t Becomes tacky at 290°F. 

t Elasticity is affected at this temperature. 
§ Shrinks at this temperature. 
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of these fibers is a disadvantage for some 
uses but has been turned to good advan- 
tage in the production of textiles which do 
not crease readily or which hold a crease 
or pleat even when laundered. 

The low moisture absorption of some of 
the fibers has been mentioned. Vinyl 
resin, vinylidene chloride, and glass fibers 
hold 0.1 per cent or less when saturated. 
Nylon holds about 7.6 per cent. These 
fibers swell little or not at all in water. 
They dry very rapidly. Casein and soy- 
bean protein fibers resemble wool in their 
moisture relations and the regenerated 
cellulose rayons are relatively absorptive. 
The absorption of moisture by fibers, 
from air of different relative humidities, 
is shown in figure 1. 


W = WOOL 
N = NYLON 
G = GOTTON 
V = VISGOSE 
A = AGETATE 


MOISTURE REGAIN, PERCENT 
8] 
Oo 


40 60 
RELATIVE HUMIDITY, PERCENT 


MOISTURE ABSORPTION 


OF 
TEXTILE FIBERS 
Figure 1 


Some synthetics do not readily soil and 
are easily cleaned because of their inert- 
ness and smooth surface. 

The rayons, except acetate, dye very 
much like cotton. Acetate rayon and 
polyamide fibers require special dyestuffs 
and handling. The synthetic protein fibers 
dye like wool. Vinyl resin, vinylidene 
chloride, and glass fibers can be dyed only 
with difficuity or not at all, but they can 
be colored by the addition of pigments 
before extrusion and by other means. 

VI. FUTURE PROSPECTS 

Whether a fiber is of natural growth, 
or manufactured from natural cellulose 
or protein, or wholly synthetic is not 
important to the future of the industry. 
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What the fiber will do is important anj 
that depends upon its properties. Pri 
is also a determining factor and there ; 
a limit to the number of kinds of fibey 
that can be produced economically. A 
cordingly, we may expect to find a f 
kinds of fibers outstanding in their pro) 
erties serving most of our needs. 

future will create from the best of th 
natural and synthetic materials new pro 
ucts better fitted than ever before to meg 
the increasingly exacting requirements ¢ 
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Harold DeWitt Smith. Edgar Marbury 
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Testing Materials. To be published by 
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DISCUSSION 

CHAIRMAN SMITH: Thank you M: 
Appel. I would like to ask Doctor 
Bonnet of American Viscose Corp. 
make a few comments. 

FREDERIC BONNET: I think Mr 
Appel has done a very great service it 
collecting the data in such an illuminating 
form; that is to say, I think all of us who 
have been working with textiles have 
from time to time, wished to cbtain dat 
but we did not have the time to gec then 
together. Therefore I feel this is a ver 
considerable service to the textile industry. 

In this whole connection of syntheti( 
fibers, I wonder how many of us remem 
ber that the peculiar thing about them ii 
their straight chain structure which M: 
Appel mentioned. You may recall thal 
years ago Leonardo da Vinci prepared 
drawings and made models of flying m* 
chines which, however, could not b& 
flown because he did not have means t0 
power them, to actually fly them. In th 
same way, we have had suggestions dating 
back several hundred years about produc 
ing fibers like silk. Here again we have 
an idea but not the means of carrying it 
out because of a lack of chemical ané 
other technical information and it is pet 
haps quite surprising that such inform® 
tion has become available only a com 
paratively few years ago. How this cam 
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about may be of interest at this time. 

Chemistry has developed methods for 
putting cellulose into solution and then 
obtaining a continuous filament of regen- 
erated cellulose. The first fibers thus made 
were quite weak, particularly when wet, 
but it was soon discovered that stretching 
made them stronger. While the chemical 
improvements in the fiber being 
made, new tools like X-rays were being 
discovered and new methods for determin- 
ing the molecular weights were being de- 
veloped. Stretched fibers and unstretched 
fibers subjected to these tools and methods 
suggested that the stretched fibers seemed 
to develop a crystalline structure and that 
the stretching caused an orientation of the 
crystalline structures. 

While cellulose had been known for 
some time to consist of carbon hydrogen 
and oxygen with the hydrogen and oxygen 
in the proportion to form water, namely 
C:Hw0:, we did not know how many 
nor how such groups were linked to- 
gether. Recently developed methods in- 
dicate there are between 100 and 200 such 
groups linked together in a straight chain. 
Subsequently it was found that apparently 
only those materials (including the natural 
fibers silk, wool, cotton, etc.) excluding 
glass, however, were satisfactory for tex- 
tile purposes which had such structures. 
This hypothesis also explained why in the 
early attempts to produce silk-like fibers 
from some of the natural gums and resins 
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by drawing out fibers by means of needles 
from the heated materials or from viscous 
solutions, did not succeed, since they do 
not have the right structure and merely 
produced brittle and weak fibers. 
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Hence, with the comparatively recent 
production of many synthetic resins, of 
cne kind cr another, a good deal of time 
and effort has been, and continues to be, 
expended to determine whether they have 
straight chain structures or not and if so 
can they be drawn out into useful textile 
fibers. Hence Mr. Appel’s list is only the 
beginning and we can expect the develop- 
ment of many new textile fibers in the not 
too distant future. (Applause.) 

CHAIRMAN SMITH: Thank you, sir. 
I would like to ask Dr. Quig of the 
du Pont Company to make a few com- 
ments on this paper. 

DR. JOSEPH B. QUIG: Mr. Appel has 
our great appreciation for his paper which 
has served not only to bring to our atten- 
tion the several new synthetic fibers E-ut 
also has set forth their chemical and 
Physical properties in a clear manner. All 
of us, at this time, are anxious to have at 
least a partial preview of the new fibers 
which may appear, particularly in the 
Postwar period. This paper summarizes 
the known new synthetic fibers which have 
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appeared. No doubt, others will emerge 
from our research laboratories but may 
I add a word of caution. Dr. Kettering 
has warned us not to expect an abundance 
of research products immediately after 
peace comes. There has been an acute 
shortage of research manpower. The 
available manpower has been devoted to 
the support of the war effort. The war 
effort, however, has called for the most 
exacting standards for textiles and it was 
found that these standards were not satis- 
fied in some instances by all of the natural 
and synthetic fibers which were available. 
This situation has brought before the 
chemist in bold relief the stringent re- 
quirements demanded by the war effort. 
One of the most important is the demand 
for a fiker which will not deteriorate 
under the most severe outdoor conditions. 
This has stimulated research not only to 
improve our present fibers but also to 
search for new fibers which might assist 
in these critical applications in the armed 
forces. Fortunately, the exacting require- 
ments of the military are the counterpart 
of those which will be of the greatest 
benefit in civilian uses postwar. 

We have evidence in this paper that 
great strides have been made in new syn- 
thetic fibers, some of which emerged from 
research at the beginning of the war, 
while others have actually been announced 
during the war as contributions to the 
war effort. 

One of the most important aspects of 
this renaissance of synthetic fibers is the 
fact that the conformability of these fibers 
is limited only by the ability of the re- 
search chemist and physicist. In reality, 
if we knew the criteria of the fiber de- 
which it 
have for a specific use—then it is highly 


sired—the requirements must 
probable that a satisfactory fiber may be 
built by research for that use. 

Dr. Smith has commented upon the 
functional properties of the new synthetic 
fibers and has indicated that some of them 
may be considered as engineering mate- 
rials which will be useful in industry. 
This can be forecasted since several of 
these new fibers possess unusual physical 
which hitherto 


have not been obtained, and which com- 


and chemical properties 
mend them for specialized industrial uses. 
Among these are low water absorption, 
to mildew, insects, chemicals 
light. These properties 
will cause these fibers to invade new fields 


resistance 
and ultraviolet 


rather than to displace our present cellu- 
losic fibers. 


Our present fibers—viscose 
and acetate—are unique in their ability to 
give us fabrics which have satisfactory 
dyeability, hand and drape at low cost, 
and therefore it can ke predicted that the 


cellulosic 











new polymeric fibers will not replace 


these fibers in the apparel trade. 

Some of the new synthetic fibers dye 
with great difficulty. This is to be ex- 
pected since our present dyestuffs and 
methods of dyeing are predicated on our 
present theories of the mechanism of dye- 
ing, Viz.: 

1. Swelling of the fiber 
of the micelles and the subsequent 
penetration of the dye molecules. 
The electrical theory involving op 
posite charges on the fiber and the 
dyestuff. 

3. Solid 

fiber. 

The extremely low swelling of several 
of the new fibers in water automatically 
eliminates the rank-and-file dyestuffs which 
are used on cotton and rayon. The dye- 
stuffs which are used on acetate rayon 
present more interest but leave very much 
to be desired in effectiveness. 

It is indicated that we may, by neces- 
sity, depart from our previous concepts of 
dyeing and give more attention to the 
coloration of these new fibers by entirely 
new methods. The mechanical application 
of colors has made its appearance and 
represents research progress in this direc- 
tion. The development of satisfactory 
coloration methods for the new synthetic 
fibers is a challenge which we have every 


opening up 





Iw 


solution of dyestuff in the 


reason to believe will be solved ty the 
research of the dyestuff manufacturers, 
dyers and colorists who are members of 
this association. 

CHAIRMAN SMITH: Thank you, Dr 
Quig. 

There are two comments I would like 
to make on Mr. Appel’s paper. 
that we need more standard methods for 
the determination of the kind of data that 
Mr. Appel presented. I believe the 
A.S.T.M. should give us these methods for 
determining the strength and elongation 
of fibers, the stress-strain curves of fibers, 
and the methods of evaluating the elasticity 
and resiliency of these fibers. There will be 


One is 


a great argument about whether the meth- 
cds we adopt are true mirrors of what hap- 
pens to the fiser in use, but if you study the 
iiterature as Mr. Appel has and as I have, 
you find it difficult to collect the data into 
simple tables because there is such a great 
variation in test procedures, such as the 
rate of loading, whether one fiber cr a 
bundle of fibers are put in the machine, 
and many other details cf testing. Hence 
the first thing we need is uniform stand- 
ard test methods which will be acceptable 
to us all as one comparative measure of a 
given property such as strength or elonga- 
tion or of combination properties such as 
toughness, stiffness, and resilience. 


I think the A.S.T.M. can do us a great 
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service by promulgating test methods for 
fibers. I am sure the Bureau of Standards 
and the various laboratories will collabo- 
rate in this work. 

My second point is that each of these 
fibers has a “personality” and this person- 
ality is the integration of the various 
individual data that were presented in 
these tables for each fiber. You gentlemen 
who use this information in trying to make 
the kind of fabrics your customers want 
will have to think in terms of the inte- 
grated personality of the fiber which is 
made up of its strength and its stiffness 
and its resilience and its toughness and sa 
forth from the mechanical point of view 
in addition to the chemical part of its 
personality which affects its dyeing and 
its stability in use. 

The second paper on our program this 
morning is by Mr. H. Wickliffe Rose of 
the American Viscose Corporation and the 


subject is “Synthetic Fibers in Military and 
Post-War Fabrics.” (Applause.) 

H. WICKLIFFE ROSE (American Vis- 
cose Corporation): I am greatly honored 
to follow the President of this organiza- 
tion on the program and I have heard his 
paper with the greatest of interest this 
morning. I gather from this paper and 
from the comments on his paper that a 
note of perspective is sounded in this 
meeting, and I like that note very much 
because it is what we need most of all in 
the textile industry today. The whole 
pace of research and development has 
been stepped up to such a point that 
perspective historically, scientifically, and 
for all of the current developments is 
necessary to gain a proper point of view 
on where we stand and where we are 
going with textiles. 

. . Mr. Rose then presented his pre- 


pared paper .. . (Applause). 


SYNTHETIC FIBERS IN 
MILITARY AND POSTWAR FABRICS” 


H. WICKLIFFE ROSE 


ECAUSE of the relative economic po- 
sition of fibers in this country, the 
approach to the use of synthetic fibers 
has been different from that in Germany, 
Italy, and Japan. In those three totali- 
tarian countries tremendous capacities of 
rayon production were established both 
to prevent buying cotton and wool from 
others and to export a surplus of rayon for 
sale instead. With large crops of cotton 
and wool here, synthetic fibers have not 
been instruments of national policy, and, 
instead, they have come into prominence 
on a technical and scientific basis. It is 
interesting to observe what have been the 
results in a democracy at work and at war. 
After the United States entered the war, 
the first use of synthetic fiber in quantity 
was to replace the natural fibers of which 
the supply was stopped. Silk shipments 
ceased immediately, and both in military 
and civilian fabrics, rayon and other syn- 
thetic fibers have replaced silk almost 
completely. This portion of the story is 
probably the most dramatic both from the 
human and the scientific angles. Bast 
fibers which came, to such a large extent, 
from Jap-held sections of the Far East, 
have been partly replaced by the synthetic 
fibers. Even rubber thread, which had 
comparatively a small volume but an im- 
portant place in our textile business, is 


* Presented at Annual Meeting, Atlantic City, 
N. J., October 14, 1944, 
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being replaced by various types of syn- 
thetic elastic thread. 

The second phase of the place of syn- 
thetic fibers has been in conservation and 
economic warfare. Not only did the man- 
made fibers keep the wheels of industry 
turning which had been dependent on 
silk in this country, but a considerable 
poundage of rayon was set aside by Gov- 
ernment order and shipped for use in 
Central and South American countries. 
Silk was replaced, and when the Japs 
threatened the Australian wool source, 
considerable poundage of rayon staple 
became an item of conservation and was 
diverted by Government order to the 
woolen and worsted industries in the 
United States. Even though the supply 
was short, rayon staple was shipped in 
some quantity to Central and South Amer- 
ica as a neighborly measure of economic 
warfare. 

The third phase of interest in synthetic 
fibers for military fabrics has been in 
technical specifications and special re- 
quirements. This phase has occasioned a 
tremendous amount of research and de- 
velopment on the part of industry, trade, 
and the Armed Services of the Govern- 
ment. It has been just two hundred years 
since Benjamin Franklin, sitting in his 
Philadelphia home, with the thermometer 
at 100°, stripped to the waist for comfort, 
noticing that when air stirred it evapo- 


H. Wickliffe Rose, Coordinator 
of Research, American Viscose 
Corp., Wilmington, Del., is a gradu- 
ate of Harvard and started in the 
textile business classing and buy- 
ing cotton for a group of tire yarn 
mills. In 1924 he joined the Am- 
erican Viscose Company as southern 
sales manager. In 1925 he opened 
the first rayon sales office in the 
South at Charlotte, North Carolina. 
where he remained eight years. 
After returning to the New York 
office, he became sales manager of 
rayon staple. When that business 
reached a hundred million pounds 
annual capacity he went to the cor- 
poration headquarters in Wilming- 
ton and assumed his present more 
general duties. 


rated his perspiration and made him feel 
cooler, connected the experience with the 
practice of the Indians of wrapping 4 
water jug with a wet cloth, and theo 
proceeded to write a colleague in London 
his deductions on the subject. It is appro 
priate that not far from that site of 
Franklin’s home, the Philadelphia Depot 
of the Quartermaster Corps is continuing 
investigations for the proper construction 
of clothing for every climate and tem 
perature. Much has been learned since 
then, and since the time Franklin wrote 
about the tailor’s samples from black to 
white sinking to various depths in the 
snow under full sunlight. Much has been 
learned about synthetic fibers in this re- 
search to meet the requirements of mili- 
tary fabrics. Most of the knowledge 
gained has been put to use in the war and 
is still being used. Much that is being so 
used will be of value in civilian fabrics 
after the war, and some information that 
has not been of military value, but which 
has been developed under the stimulation 
of the war program, will be applicable 
when the war is over. 

Parachutes, new in warfare, are among 
the most dramatic of the developments in 
this war. Escape chutes, made first of 
silk, were then made quite satisfactorily of 
nylon (and no textile article requires such 
complete perfection to give consumer satis- 
faction as does a human escape chute). 
For this purpose the majority of the pro- 
duction of nylon has been used. The 
civilian market in women’s hosiery prom- 
ises to absorb this production, and more, 
with little difficulty when the war re- 
quirements are satisfied. 

In the early stages of the war the chute 
field broadened to include new develop- 
ments for aerial delivery of cargo, mines, 
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fragmentation bombs, and for aerial flares, 
all with different technical specifications 
and physical operating conditions. Rayon 
found a large volume place in this field 
after research had produced a medium 
tenacity yarn and application of the high 
tenacity rayon of the tire yarn type had 
been worked out. Many millions of yards 


§ of fabric of viscose yarn have been used 


for fragmentation tombs alone, and more 
millions have gone into aerial delivery 
and cargo chutes for the Army and Navy, 
in addition to the quantities of the same 
yarns consumed in the tapes and shrouds 
of chutes. 

Two other types of rayon with opposite 
extremes in extensibility, an acetate with 
high extensibility, and a saponified acetate 
yarn with high strength and low exten- 
sibility, were also developed for use in 
different types and parts of chutes. 


In viscose rayon of the medium and 
high tenacity types, so much has been 
learned, and such a capacity of production 
has been converted and operated for mili- 
tary fabrics, that new civilian uses will 
undoubtedly be developed. The tire pro- 
gram, calling for 240 million pounds an- 
nual capacity of high tenacity viscose 
rayon, is by far the largest w ar use of a 
synthetic fiber. Since the program has 
required the expenditure of many millions 
of dollars, and since it is probable that 
the total poundage will not be consumed 
immediately in tires after the war, devel- 
opments are already under way, secondary 
to war developments, to find civilian uses 
for such yarn. These uses include floor cov- 
erings, upholstery, linings, and garments 
for rugged wearing qualities and industrial 
fabrics, such as laminated plastics. It is 
believed that the use of high tenacity 
rayon in apparel and house furnishing 
will make it practical to use vats and 
other fast colors on a much greater 
volume of rayons than heretofore, and 
thus to give improved quality to con- 
sumers wherever fastness of color is im- 
portant. 


The outstanding quality of synthetic 
fibers required in military fabrics is this 
one of ruggedness. Both rayon and nylon 
have found many volume uses on that 
account. Viscose rayon has a large part 
in the tire program. It is teing used also 
in self-sealing gasoline tanks for planes, 
tension cord for field lighting cable, the 
tapes and shrouds of chutes as well as the 
canopy, tow targets which started with 
viscose and are currently acetate rein- 
forced with viscose, the cord in V-belts 
for transmission, and mixed with cotton 
yarn in aviators’ and paratroopers’ uni- 
forms. 

To meet this same requirement for 
ruggedness, nylon, with its high tensile 
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strength and its ability to give before 
breaking, has filled many of the new, 
severe, and unique military requirements. 
Glider tow line and mountain climbing 
rope of nylon was found to perform better 
than any bast fiber, because the give in 
the elastic type of material permits the 
load to be picked up without too much 
shock, and the great strength is sufficient 
to take the load without breaking. In 
the tires of heavy bombers landings at high 
speed it was found that great strength was 
necessary to stand the inflation and the 
shock without permitting rim cutting and 
without blowing out. Nylon was found 
to meet this severe requirement, and it 
has been added to the lines of bomber 
tires in which rayon cord was already 
giving excellent service. 

Of the chutes mentioned, the require- 
ments for fragmentation bombs have been 
among the most severe. The technique of 
using such bombs is to fly at high speed 
and low level and to drop them almost on 
the target, like pitching horseshoes. The 
effective area is such that without a chute 
acting as a brake, a bomber, even traveling 
at high speed, can be destroyed. At such 
speed the opening of a normal chute 
against the pull of the bomb would rip 
the chute to shreads. A special viscose 
rayon was developed for the job and a 
special construction of chute was per- 
fected to meet the exacting conditions. 

In chutes another kind of ruggedness 
is also required which is not generally 
recognized, and that is resistance to fus- 
ing and burning. If a shroud whips across 
the canopy as the pull is taking place, 
it is possible for friction to char or burn 
the canopy. Consequently, a_ synthetic 
fiber must have a high fusing point to be 
used without danger of failure. 

In flare chutes one meets an entirely 
different set of severe requirements. A 
complete flare is a complex unit. The 
canopy in this case is required to keep 
the flare aloft as long as possible, and 
yet it must transmit enough air to float 
erect in order not to blind the bombers 
above. It must have a maximum resist- 
ance to the heat of the flare. To protect 
the canopy from fire and the bombers 
from glare, and at the same time to act 
as a reflector to light the target and to 
blind the ground gunners, a fabric of 
glass fiber is suspended between the flare 
and the canopy. This is probably the 
most unique fabric requirement of the 
war, and it has worked with great suc- 
cess. 

“Fiberglas” is also being used for fire- 
proof curtains on destroyers. On combat 
ships it is desirable to have even the 
paint fireproof if possible, and glass fiber 
is outstanding in fireproof quality. There 
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are postwar implications in such a fe- 
quirement in draperies and decorative 
fabrics fpr public places where a fire 
hazard particularly should be avoided. 
Much has teen written and said about 
rayon in tires, particularly in comparison 
with cotton. The peculiar requirements 
of ruggedness in a tire cord are compli- 
cated, but one is justified in accepting 
It is definitely known 
than cotton, a 


observed results. 
that 
point which is of particular interest in syn- 
thetic rubber, which runs hotter than. nat- 
ural rubber. Rayon has a longer flexing 
life and greater bursting strength than 
cotton at high temperatures such as with 
heavy loads and high speeds. The con- 
struction of cord of rayon has been 
changed to take advantage of these 
points; and even the techniaue of produc- 
ing tires of cotton cord has been im- 
proved by information developed with 
rayon. 

There are a number of other require- 
ments for rugged fibers. Wars are also 
fought on shoestrings, as well as on tires. 
and it can be both annoying and detrimen- 
tal for a shoelace to break in action 
Nylon shoelaces have met the requirements 
of this critical item for field and jungle. 

Sewing thread is a textile field which 
has an amazing volume as well as variety 
of specifications. A number of projects 
are underway to solve special problems 
with the use of synthetic fiber thread. 
High strength, low absorption, resistance 
to chemical actions, high fusing point, 
toughness without brittleness are require- 
ments in this exacting field which have 
yet to be completely met by any one fiber. 
The sewing of buttons and shoes are 
current problems. The indications are 
that, regardless of what synthetic fibers 
are established for thread in military 
uses, the information being developed 
currently will be of interest after the 
war, and an expanding use of synthetic 
fibers as thread will result. 

A second class of requirements for 
fabrics in this unprecedented war has 
been for lightness of weight and resist- 
ance to moisture and fungus, in addition 
to toughness. The soldier is his own 
pack mule to a considerable extent, and 
the requirements of mobility in warfare 
today are such that, whether in the jungle 
or in Europe, the more he is independent 
of transportation the more effective he is 
as a fighter. Thus, he carries his own 
tent, or sleeping bag, de- 
pending on his field of operation. Be- 
cause of its low specific gravity and higb 
strength-weight ratio, nylon has met 
the requirements of these articles. 

In the tropics where fungus is detri- 
mental to most textiles, particularly to 


rayon runs cooler 


hammock, 





céllulose fibers, nylon has been found to 
resist such growth. Much work has been 
done with mildewproofing finishes, and 
work is being conducted on a mildewproof 
rayon. Whether or not these develop- 
ments are perfected in wartime, they will 
be of interest in postwar fabrics. 

Because fought out in the 
weather, waterproofing has been a serious 
problem which has been attacked through 
construction, finishes, and films. Devel- 
opments are still in work to improve the 
construction for the waterproofing of 
ponchos, jackets, shelters, tarpaulins, and 
the various other fabrics that protect man 
and his equipment from rain. Garments 
should be air-permeable at the same time, 
and there the problem is complicated. 
“Vinyon” is impervious to water, but since 
fabric made of the fiber does not meet 
some of the other specifications, the widest 
use of vinyl resin for this purpose has 
been in the form of a finish for water- 
proofing raincoats. ‘“Fiberglas” fabric 
coated with resin and synthetic rubber is 
being used for waterproof covers for 
equipment. It might be used after the 
war for fireproof awnings. 


war is 


One of the most promising develop- 
ments in a waterproof fabric, for war and 
postwar use, is a patented laminated con- 
struction of synthetic fiber marquisette 
between two plastic transfer films. It 
has amazing strength, toughness, light- 
ness, drape, and resistance to wrinkling. 
In such a fabric is the wedding of syn- 
thetic fibers and plastics and the birth 
of an entirely new material. 

Insect pests have been such an enemy 
tO man in various theaters of the present 
war, that the creation of textile barriers 
against them has constituted a separate 
field of development. Various types of 
nets and screens have been adopted for 
garments and for shelters to keep out the 
flying pests of many sizes. Fine-mesh 
marquisettes of rayon were developed for 
such use as head nets against sand flies. 
Currently nylon has an important place 
in this field, and the yardage is enormous. 
Twenty million yards of mosquito netting 
is On procurement at the present time. 

In screens for tent apertures, which 
require flexibility for rolling without 
creasing, together with mildew resist- 
ance and waterproofness, millions of yards 
have been made of “Saran.” The impli- 
cation is that there will be a peacetime 
demand for such screening, and other syn- 
thetic fibers and punched films, nylon, 
“Vinyon,” and cellulose acetate, have a 
place in this development. 

With the disappearance of rubber latex 
there was almost a complete stoppage of 
the manufacture of elastic thread. “Vin- 
yon-E,” an elastic vinyl fiber, was the 
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first to fill the void, and it found an 
immediate demand for elastic in garments. 
More lately synthetic rubber is being 
introduced into elastic thread and is 
being allocated for that purpose. An 
elastic nylon has been developed which 
also has much promise for textile use. 
Meanwhile, “Vinyon-E” is being used in 
cord for the suspension of jungle ham- 
mocks. This development was derived 
from exercisor cord which was made 
for civilian use, and which will be a 
peacetime use again. Another current 
development with “Vinyon-E,” both for 
military and postwar use, is in pressure 
bandage. Fabric of this thread and 
cotton seems to have the type of elasticity 
necessary for a healing effect. 

Insulation is an important field for 
fibers. Thermal, acoustical, and electrical 
insulation are all required, and the speci- 
fications are met with fibers, fabrics, and 
films. Glass fiber had been found to be 
a good insulator before the war, and it 
has war uses in all three divisions in this 
field. In bulkheads of ships, for instance, 
batts of “Fiberglas” serve as both sound 
and heat insulator and are fireproof as 
well. In the form of yarn “Fiberglas” is 
used for covering electric wire in motor 
windings. Nylon and rayon also are 
used for electric wire insulation. ‘“Vinyon” 
is being blended as a plastic fiber with 
asbestos to develop a more stable form 
for thermal insulation. “Fiberglas” and 
asbestos form a heat resistant boot for 
aeroplane wheel housing. The insula- 
tion of planes for both sound and heat 
has been an important field for develop- 
ment in which weight is a critical speci- 
fication. This is a field in which devel- 
opment with synthetic fibers will continue 
after the war. 

A promising material for aeroplane 
cabin structure is being made of “Fiber- 
glas” and resin in low pressure molded 
laminates. It is being used in helicopters 
and because of great structural strength 
has postwar possibilities. 

Still another field for fibers is in flota- 
tion. Kapok is not a perfect fiber for 
lift: preservers and mattress fillers, but its 
absence has been keenly felt in the war, 
and much experimental work has been 
done with synthetic fibers to match its 
bulk/weight ratio. Inflated fibers have 
been developed which will undoubtedly 
have postwar uses, whether or not they 
serve a military requirement. Microfila- 
ment “Vinyon” and “Fiberglas” have been 
developed under the urgency of this work, 
which will probably find postwar uses. 

In the field of chemical filter cloth “Vin- 
yon” was established before the war and 
will continue afterward. Meanwhile, be- 
cause of its resistance to strong acid and 


alkali, it is keing used in a number of wa 
industries. In the refining of copper for 
war materials it is used for acid filtration, 
It is used in fertilizer plants for the pro 
duction of ammonium phosphate. It is 
used in the manufacture of vat dyes which 
are going into military fabrics, and in the 
filtration of other dyestuffs. It is used 
also in the production of vitamins and 
medicines, as well as in a number of war 
industries which cannot be discussed pub- 
licly. The latest to be announced is for 
hydrofluoric acid in synthetic rubber 
plants. Acid-resistant pump packing is 
another industrial use of “Vinyon.” 

Even in ordnance a place was found 
for synthetic fiber. Spun silk has been 
used for cartridge cloth and powder bags. 
With the silk supply stopped, the Army 
approved rayon in cartridge cloth. 

Besides these many special uses of syn. 
thetic fibers in the war program, there 
are a number of miscellaneous uses of 
standard synthetic fibers in the war. They 
include the following: 


Lens cleaning cloth of spun rayon be § 


cause of its softness. 

Blood filters of rayon yarn. 

Signal panels of acetate 
fluorescent colors for tanks. 

Raft sails of rayon and of nylon. 

Solar still absorption medium of vis 
cose staple, related to properties of rayon 
wicks. 

Many items of military clothing and 
uniforms are derived from civilian lines 
established with synthetic fibers before 
the war. In the women’s corps of both 
the Army and Navy, including nurses, 
many articles of apparel and accessories 
have been specified in all or in part of 
rayon. The list is impressive and intet- 
esting, but there is little to be gained 
by mentioning them all here as they can 
be found in the specifications by those 
interested in the details. 

In the men’s services also rayon is to 
be found in many items of apparel. Lin- 
ings of rayon, standard in civilian clothes, 
are used in both men’s and women’s 
in the service. Spun-dyed black 
acetate rayon is used in hatbands and 
scarves. Spun-dyed olive drab viscose 
staple was developed at the request of 
the Quartermaster Corps when the supply 
of wool was threatened, and while it has 
not been used by the Army, the develop- 
ment will be of postwar value. Rayon 
is going into insignia, ratings, chevrons, 
and badges of the Army, Navy and Coast 
Guard, and just recently orders for mil- 
lions of such items were given urgent 
priority by the Army in order that the 
men in the field might wear their cur- 
rent ratings. 

In some officers’ shirts, and 
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Cross uniforms and similar garments 
“Aralac,” a casein staple, is being blended. 
This new fiber was being developed for 
civilian wear when the war started, and 
the current development of a 15 micron 
fiber, equivalent to about 105s wool, if 
there were a wool fiber of such a fine- 
ness, will undoubtedly be the subject of 


postwar fabric development. 


In reviewing the number of projects, 
the volume of research and development 
work, and the results obtained by and 
for the Armed Services one cannot fail 
tobe impressed. The task has been gigan- 
tic, and the technical departments of the 
supply branches in those services have 
accomplished unprecedented results. It 
is commendable that they have kept their 
technical work on a scientific basis, from 
the fostering of research to the trial and 
reporting of test results in the field. They 
have enlisted assistance from every branch 
of the textile industry and the work has 
been encouraged and conducted as a co- 
operative effort. It is significant that in 
the face of political pressure, which at 
times has seemed to disregard the war 
aims of those services, they have held the 
subject to technical facts and have based 
their decisions on practical results. A 
review of this kind would be incomplete 
without acknowledging the cooperative 
interest, encouragement, and scientific in- 
itiative found in those technical officers of 
the Army, Navy, Marine Corps and Coast 
Guard, and an expression of the pleasure 
and inspiration it has been to work with 
them. The job is not yet completed, but 
the current pattern of victory contains 
their reward. 


DISCUSSION 


CHAIRMAN SMITH: Thank you, Mr. 
Rose. 

I would like to ask Julius Goldberg 
of J. P. Stevens Co. to comment on this 
paper as one of the large users of these 
various fibers. 


JULIUS GOLDBERG: I cannot add 
much to Mr. Rose’s comprehensive paper 
but I should like to suggest that we be a 
little cautious in our anticipation of extra- 
ordinary revolutionary civilian fabrics 
arising from the increased production of 
the high tenacity type rayons. There is 
the danger of accepting a theory that 
fabrics made with the higher strength 
tayons are consequently more durable. 
In the case of men’s wear linings, for 
example, where abrasion resistance is 
looked upon as one of the important 
requisites, there has been some laboratory 
work done to indicate that the stronger 
viscose process yarns do not necessarily 
add to the life of these fabrics. In some 
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dress goods construction the added 
strength when the fabric is in the wet 
state, as in laundering, may offer some 
advantages, but other properties of the 
high tenacity yarns may detract from 
their desirability because of poor running 
qualities in the mill or dyeing defi- 
ciencies. 

I realize that we are only at the begin- 
ning of the road to improve high strength 
rayons, but it seems wise to try to avoid 
raising too high hopes too soon in the 
minds of the consumers. 

Another fact which we should bear 
in mind is that unless a new fiber can 
definitely contribute something better 
either in hand or some other fabric 
property, or unless it can reproduce a 
known characteristic more economically, 
it will not have a very long life regard- 
less of how glamorous it may be or may 
sound because it is made from old tea 
leaves or regenerated cocktails. (Ap- 
plause.) 

CHAIRMAN SMITH: The subject of 
old tea leaves reminds me of two stories. 
One is about one of my attempts to edu- 
cate the buyers in a large New York store 
as to the various rayons some years ago. 
I was trying to be entertaining as well 
as scientifically accurate. I told them 
that one could make rayon out of any 
source of cellulose such as wood pulp, 
cornstarch, sugar cane and even cabbage 
but that usually one made rayon out of 
the most economical and the most uni- 
form sources of cellulose. About three 
weeks later an inquiring reporter visited 
this store to find out what the salesgirls 





knew about rayon. He picked up a slip 
and asked the salesgirl what it was made 
of. She said, “It is made of rayon.” He 
said, “What is rayon made of?” he 
said, “It is made of cabbage.” (Laughites.) 
I have been quite cautious since then 
about my scientific statements. 


The other story is about a letter from 
somebody in the Middle West several 
years ago—a small clothing store—which 
was addressed to the Kodak Company. 
The writer said he understood the Kodak 
Company was now making fabric out 
of tree bark and old film and they would 
like to have a sample. 


I think Mr. Goldberg’s caution is very 
salutory and perhaps some of the rest of 
you have some comments. 


The third paper on this program is 
one that should be very close to the 
hearts of most of the members of the 
A.A.T.C.C., because there are probably 
very many more of you who want to know 
how to dye these synthetics than want 
to know whether they are tough or what 
their tensile strength happens to be. 
Those things are important in order to 
give you the kind of fabrics you can 
dye and finish to meet consumers’ require- 
ments. 

This third paper is by Mr. Arthur W. 
Etchells of the Hellwig Dyeing Corpora- 
tion and the title is, “A Survey of the 
Dyeing of the Synthetic Fibers.” 


Mr. Etchells! (Applause): 


; Mr. Etchells then presented his 
prepared paper . . . (Applause.) 


A SURVEY OF THE DYEING 
OF THE SYNTHETIC FIBERS* 


ARTHUR W. 


N MAKING a survey of the problems 

encountered in the dyeing of the 
synthetic fibers it is difficult to make a 
choice of those which are of the greatest 
importance, for, unlike the natural fibers 
which have been known and experimented 
with for many centuries, the synthetic 
fibers are new—new in fiber structure and 
new in their chemical composition, and 
capable of almost infinite changes. Thus 
the viscose rayons which we know today 
are very different from the wood silk of 
but a comparatively few years ago, and 
the chances are that the nylon, Vinyon, 
rayon and Aralac which are produced 


* Presented at Annual Meeting. Atlantic City, 
N. J.. October 14, 1944 
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today may in very few or even 
months, be so improved as to be unrec- 
ognizable by anyone who does not closely 
follow their day by day development, 
and it is this never ending change, the 
always seeking for improvement that 
attracts the interest of the modern textile 
chemist or dyer, and presents us with 
these problems which are as never ending 
as the changes in the fibers which we 
must process. 

Any changes made in the manufacturing 
of the fiber generally show themselves 
in a changed affinity for the dyestuffs, thus 
when viscose type rayon is stretched while 
in a plastic state to produce highly ori- 
ented strong yarns, the affinity for direct 
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colors is very greatly decreased. This 
same situation exists with respect to 
nylon—the greater the amount of draw, 
the lower the affinity for dyes. 


ACETATE 


A problem which for many years has 
been attracting the attention of everyone 
concerned with the processing of syn- 
thetic fibers is that of atmospheric fading 
of blue and yiolet acetate dyes, which 
manifests itself by a change of color of the 
blue or violet dyes to a very reddish 
tone, gradually destroying the original 
color entirely, and is caused by oxides of 
nitrogen in the air. However, the tend- 
ency of these colors to fade can be partly 
overcome by using finishes which are 
mostly alkaline organic amino, or other 
nitrogen compounds, and which act by 
absorbing and neutralizing the atmos- 
pheric gases which cause the fading of the 
amino anthraquinone dyes (and it is to 
this group that the blue and violet acetate 
colors telong) but the effectiveness of 
these inhibitors is gradually destroyed at 
a rate dependent upon the amount of acid 
nitrogenous gases to which they are ex- 
posed. When the inhibitor is completely 
saturated with these destructive gases, 
then the gases are free to act upon the 
color and eventually destroy it. 

The life of the inhibitor is dependent 
wholly upon the amount of exposure it 
receives and may be a matter of, in normal 
uses, several weeks to a year. 

Washing or dry cleaning completely 
removes the inhibitor and, therefore, the 
protective effect. 

There are several azo type dyestuffs on 
the market which show very good resist- 
ance to this type of fading, notably two 
in particular, but they in turn have other 
drawbacks which do not permit of their 
use on all types of fabrics. One of these 
requires very high temperatures for its 
application to the fiber, a condition which 
works against its use on the jig and also on 
fine acetate and rayon crepes, which require 
much lower temperatures during dyeing to 
produce a salable piece of goods free of 
break marks. The other is much better in 
this respect, lending itself to application at 
lower temperatures. Both of these colors 
have the added disadvantage of making 
more prominent all of the weaving defects 
such as knots, warp streaks, filling bars 
and any boil-off breaks or creases of any 
kind, because of their lack of penetration, 
keing primarily surface dyeing colors. 
They also have very poor light fastness— 
so bad in fact that it becomes a question, 
particularly in light shades, of which is 
the greater fault—fading due to gases in 
the atmosphere or fading due to light; 
and, the choice of dyestuffs to dye a par- 
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ticular shade must be governed by the 
type of exposure to which it must be 
resistant, gas or light. 

Efforts to dye acetate fabrics with acid 
colors possessing greater wash, light and 
gas fastness have been mostly unsuccessful 
due to the difficulties encountered in the 
processing, all of these processes depend- 
ing upon the swelling of the acetate fibers 
by the use of strong solutions of organic 
materials, notably alcohol, formic acid and 
zinc sulfocyanide. If the strengths ot 
these solutions are not rigidly controlled, 
the fabric will be dissolved if too strong, 
and if too weak there will be insufficient 
swelling and therefore no coloration of 
the fiber. After removing the goods from 
the swelling bath, they must be very thor- 
oughly washed to remove all traces of 
the swelling agent, which is held very 
tenaciously by the acetate fiter, or further 
reaction will take place in the dryer, 
causing stiff, boardy fabrics possessing 
very poor tensile strength. 

Acid dyestuffs for use by this method 
must be carefully selected, and each one 
tested individually as well as in com- 
binations for its ability to be absorbed 
by the acetate fiber and for its resist- 
ance to the various fading influences. Very 
few colors will be found which possess 
the requisite fastness properties, the acid 
anthraquinone blues and violets being 
nearly as susceptible to gas fading as the 
regular acetate dyes. 


NYLON 


Nylon presents another set of problems, 
practically none of which has been solved 
satisfactorily. When nylon was first in- 
troduced it was thought probably because 
of its chemical resemblance to wool that 
it would dye best with acid colors. This, 
however, has not proven to be the case 
when using conventional dyeing methods, 





as the acid dyes show a varied affiniy! 
for nylon. Depending upon the amoum/ 
the yarn is stretched, the greater the cl 
ation of the yarn, the lower the affinity 
of the acid dyes for the fiber. This ap) 


plies whether the stretching was don 


in the making of the fiber or in subsequent 
processing, such as uneven tension ip 
winding or weaving, thus showing light 
and dark places in the finished goods. The 
acid colors also accentuate warp streaks 
and filling bars, and other weaving de. 
fects, probably due to the poor penetration 
of the acid colors into the fiber, as the 
acid colors precipitate onto the fiber sur. 
face and show no tendency to migrate 
into the center of the fiber. This faulk 
in turn also may cause poor fastness to 
light and washing. 

The direct and chrome colors which have 
an affinity for nylon show practically the 
same faults, whereas the dispersed type 
of acetate dyes are certainly at the pres- 
ent time the best dyeing group of colon 
as they are very level dyeing and pene 
trate well into the fiber and also into 
tightly twisted bundles of fibers when 
applied from a soap or synthetic deter. 
gent dye bath, showing very little tendeng 
towards surface dyeing, and what little 
surface dyeing that does appear can be 
overcome by a slightly longer time in the 
dye liquor, which will cause the color to 
diffuse from the surface throughout the 
whole fiber. 

Blotchy, uneven, and off-shade dyeings 
can generally be converted into level, well 
penetrated dyeings by a longer dyeing 
time, or in a fresh dye liquor with the 
addition of any needed shading colors to 
produce a proper match to the sample. 

The dispersed acetate dyestuffs show 
in most cases a distinct difference in tone 
from the same dyeing on acetate, thus 
making it very difficult to dye solid shades 
on acetate and nylon mixtures. This 
shade change is most pronounced in the 
range cf oranges and reds, being in the 
case of the oranges a shift towards the 
red; thus a dyestuff which gives a yellow- 
ish—orange on acetate will give a scarlet 
cn nylon, and the acetate reds yield much 
bluer shades on nylon than on acetate. 

At the present time the best fastness to 
light on nylon can be secured with se 
lected acetate dyes, but the fastness to 
washing leaves much to be desired. 

Atmospheric gas fading which affects 
the blues and violets on acetate has practi- 
cally no effect on the same dyestuffs on 
nylon, probably because the fiber itself 
acts aS a protecting agent. 

One of the main difficulties encount- 
ered in dyeing nylon on the jig is the large 
temperature difference between the sel- 
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amounting to about 50° F, and making 
necessary the selection of colors showing 
good exhaustion over a wide range of 
temperatures, and in the case of a mixture 
of dyes, the colors selected should exhaust 
at as near the same rate as possible to 
avoid shading from selvedge to selvedge 
and from end to end of the piece. Of 
course covered jigs will help to overcome 
this difficulty. 

Many attempts have been made to color 
nylon with dyes that will be faster to light 
and to washing than those available today. 
The duPont Company has developed a 
new method of applying chrome colors, 
which consists of padding the fabric with 
an ammoniacal solution of Chromacyl 
Black W, Pontachrome Orange R. L. and 
Pontachrome Yellow R and shellac—the 
shellac acting as a wetting agent for the 
nylon and a binder for the color. The 
goods are run after padding through a 
flue dryer without batching, then passed 
through a vat ager at a temperature of 
216° F, after which they are chromed on 
a jig with bichromate and acetic acid at 
the boil. This method gives well pene- 
trated dyeings, fairly fast to light and 
very fast to washing at 180°. Although 
this process is capable of giving excellent 
results, it requires first-class machinery 
and constant care and supervision through- 
out the entire process because goods that 
are damaged in processing are almost 
impossible to reclaim. 


VINYON 

Not such large quantities of vinyon 
have been dyed as of some of the other 
synthetic fibers, because for the uses to 
which it is put most often a dyed fabric 
is not necessary, Lut where a dyed fabric 
is required the dyeing presents several 
unique problems because of its low fusing 
point and the almost complete absence of 
swelling when immersed in water, making 
necessary the use of a swelling agent in 
the dyebath—ortho hydroxy diphenyl be- 
ing most generally used for this purpose. 
Dyeing is carried out at 140-145° F, using 
dispersed acetate dyes, the depth of dyeing 
being controlled by the amount of ortho 
hydroxy diphenyl or Dowicide No. 1 
which is used. The colors obtained with 
acetate dyes have very poor light and 
wash fastness on vinyon. 

Extreme care must be used in handling 
vinyon through all the scouring, dyeing 
drying and finishing operations because 
of its great susceptibility to damage by 
heat, the fabric shrinking and being 
rendered useless if heated to temperatures 
above 150° F. 

VINYON E 

Vinyon E, the elastic type yarn, dyes 
very easily with acetate dyes, using a 
sulfated fatty alcohol as a dispersing 
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agent, and requires very few special pre- 
cautions as it differs from the normal 
vinyon fiber in its ability to withstand 
high temperatures without serious dam- 
age. In fact it may te boiled for several 
hours in the absence of soap, which to- 
gether with sulfonated oils and strong 
alkalies should be avoided as much as 
possible because they remove the elasticiz- 
ing material. 

Combinations of Vinyon E with cotton 
can be bleached if needed, using chlorites 
or hypo chlorites in a slightly acid bath, 
or by the use of hydro sulfites, which seem 
to have but little effect on the strength or 


elasticity. 
In the drying of Vinyon E fabrics dry 
heat at high temperatures should be 


avoided as much as possible because the 
fiber becomes brittle and loses its elasti- 
city due to the evaporation of the elasti- 
cizer. 

ARALAC 


Aralac, which has been produced in 
large quantities in the United States, will 
serve as an example of the synthetic pro- 
tein fibers for they all seem to have the 
same general characteristics. 

One of the main faults with the syn- 
thetic protein fibers is the loss of strength 
when wet. This loss is great enough to 
prevent the use of 100 per cent Aralac 
fabrics for wearing apparel at the present 
time and necessitates the mixing of cotton 
er rayon fibers with the Aralac to give 
the required strength to the finished fab- 
ric, and until the makers are able to pro- 
stronger protein fiber, it will 
always be encountered in conjunction 
with one or more of the natural or syn- 
thetic fibers. 

Another difficulty which must be 
guarded against is Aralac’s sensitivity to 
alkalies, the fiber being made harsher and 
eventually destroyed by contact with dilute 
alkali, and even if the damage is halted 
before total destruction of the fiber, it is 
made so brittle that excessive dusting 
occurs in the finished fabric. 

Therefore, knowing in advance two of 
the major faults of this fiber, it is obvious 
that extra care must be used in all wet 
operations to avoid permanently injuring 
the fabric. 

All machines should run smoothly and 
the goods should be handled with as little 
tension as possible. 

The alkalinity should not exceed pH 8 
and should be lower if at all possible. 

Aralac is dyed by most classes of dye- 
stuffs with the exception of some few 
direct colors which leave the fiber white 
or nearly white; in fact one of the great- 
est difficulties from the dyer’s standpoint 
is the great affinity of Aralac for so many 
different types of dyestuffs, for when 


duce a 


making dyestuff additions to shade the 
fibers combined with the Aralac, some of 
the color is almost certain to stain the 
Aralac. Even acetate dyes have a fairly 
good affinity for Aralac. This affinity 
for acid and direct colors can be to some 
extent controlled by changing the pH 
but the alkaline limit should te under 
pH 8. 

Insofar as the fastness of the colors on 
Aralac is concerned, acid colors are slightly 
less fast to light and washing than they 
are on wool. The acetate colors have but 
very poor fastness to light and washing 
on Aralac. The direct colors that dye 
Aralac are slightly less fast on Aralac 
than they are on cotton, and vat dyes 
should be avoided entirely because of 
the alkali required for this application. 

Quite good cross-dye effects leaving Ara- 
lac white can be obtained between Aralac 
and rayon by using selected direct colors 
and keeping the dyebath slightly alkaline 
with di-sodium phosphate or _ small 
amounts of tetra-sodium pyro-phosphate. 
Of course the opposite effect can also be 
obtained by dyeing the Aralac with acid 
colors in an acid bath with acid colors 
which leave rayon white. 

In dyeing combinations of acetate and 
Aralac, the acetate can be left white by 
dyeing the Aralac with direct or acid 
colors which leave acetate white from an 
acid bath, but good results cannot be ob- 
tained if it is specified to dye the acetate 
and leave Aralac white, as all acetate dyes 
stain Aralac very deeply and this stain 
cannot be removed from the Aralac with- 
out at the same time removing the color 
from the acetate or destroying the Aralac. 

Fair whites may be obtained on Aralac 
combinations by treating with sodium 
hydrosulfite, then tinting with an acid 
violet. Hypochlorites destroy the fiber, 
and peroxides should be avoided, because 
of the alkali required to produce effective 
bleaching, leading to a harsh fabric which 
dusts badly in the finished state. 

FORTISAN AND FIBER B 

This fiber is a saponified acetate fiber 
which has been stretched while still plastic 
and before saponifying, thus producing 
a highly oriented strong yarn with but 
little elasticity. 

This fiter shows but very little affinity 
for most colors, light shades requiring 
about four to six times the amount of 
dyestuff to produce a given shade than is 
required by viscose type rayon. 

Heavy shades of navy and wine are 
very difficult to obtain with direct colors 
because of this poor affinity of the fiber 
for dyes, and when attempts are made to 
load the fiber with dye through the use 
of large amounts of salt, the finished goods 
crock badly. Some of the developed colors 
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show a fair affinity for this fiber and 
should be used in dyeing the dark colors. 

Some of the vat colors have good dye- 
ing properties on this fiber, but most do 
not, and trials should be before 
setting up a vat dye formula to dye 
Fortisan. 

Acetate colors do not dye either Forti- 
san or Fiber B. 

Dyeings free of warp streaks or filling 
bars are difficult to obtain because of vari- 
ations in the amount of stretching during 
the manufacture of the fiber, causing vari- 
ations in the amount of dyestuff absorbed, 
and there may be encountered at times 
resist streaks or flashes of white caused 


made 


by uneven saponification, and it would be 
a wise precaution to treat the goods with 
a strong alkali, such as caustic soda, before 
dyeing, in order to completely saponify 
the acetate which may remain, thus pro- 
ducing a more uniform color in the sub- 
sequent dyeing. 

Fabrics made of these fibers should not 
be dyed on a jig nor treated in a wet 
condition on any machine where there 
is likely to be warpwise tension; other- 
wise, the fabric will be weakened so seri- 
ously as to render it valueless, this weak- 
ening probably being caused by the warp 
cutting the filling yarns, or again it may 
be caused by exceeding the limit of 
elongation of the fiber. 

VISCOSE RAYON 
FIBER G 

This fiber is a highly oriented fiber of 
the Viscose group, which has very great 
strength both wet and dry and has a very 
low shrinkage. Its dyeing properties are 
similar to those of Fortisan or Fiber B 
previously mentioned but it is a true 
viscose fiber and not a saponified acetate. 
It is dyed fairly well by a selected group 
of developed colors, and a few vat colors 


show good affinity, but the majority of 


direct, developed and vat colors show 
poor color value on this fiber, and dark 
shades tend to crock badly. 

Viscose type rayons, such as are used 
for tire cords, show somewhat similar 
properties to Fiber G and Fortisan, but 
as they are not so highly oriented as the 
above mentioned fibers, they are not so 
difficult to dye. However, they tend to 
show a streaky appearance, due probably 
to uneven stretching in the manufacture 
of the fiber. 

Of normal viscose type fabrics so much 
is known and so much has been written 
that little new information is available. 
Practically all the advances made in the 
dyeing of viscose rayon have been made 
in the application of fast colors and a 
great deal of experimental work has been 
done in the continuous application of vat 
dyes. 
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Although it seems likely that further 
developments along these lines can and 
will be made, due to an increased demand 
for wearing apparel, especially summer 
apparel, having greater wash and light 
fastness than is now generally available, 
it will first be necessary to provide fabrics 
which will themselves stand up to wash- 
ing without changing in dimension, and 
it remains for the future to show how 
this end will be attained—whether by 
changes in the fiber or by mechanical 
means in the finishing, or by some chemi- 
cal treatment, for it seems to be unnec- 
essary to dye fabrics with colors fast to 
washing when the fabrics to which the 
colors are applied are themselves rendered 
useless by washing. 
the methods being experi- 
mented with today for the application of 
vat dyes to viscose type rayon, mention 
will be made of two. 

The first involves treating the fabric 
in the open width on a padder with a vat 
dye or dyes dispersed in an alkaline 
solution of cellulose, or a cellulose-ether 
setting the goods by a passage through 
acid to precipitate the cellulosic material 
and bind the dye pigment, or by drying 
the padded goods and thus attaining the 
same end. The goods are then run con- 
tinuously either in open width or rope 
form through a reducing bath of caustic 
and hydro, washed, oxidized, and finished 
off in the usual manner. When these 
goods are processed in the rope form, 
maximum shrinkage is obtained and the 
goods have a nicer appearance than pad 
and jig dyed goods. 

The second method, which is being de- 
veloped by duPont, consists of a padding 
operation, the dye pigment being padded 
in the usual manner. The goods are 
then dried, after which they are again 
passed full width through a padder solu- 
tion containing caustic and hydro, and 
from the padder without batching through 
a vat ager. The goods are then oxidized 
and soaped. This method seems to have 
the advantage that small yardages of dif- 
ferent colors can be run economically. 

These two methods together with others 
for applying vat colors to rayon fabrics 
are still in the development stage, and it 
remains for the future to show the prac- 
tical advantages or disadvantages of these 
newer methods of dyeing. 

DISCUSSION 

CHAIRMAN SMITH: Thank you Mr. 
Etchells. Gentlemen, I think there is a 
great deal of meat in that paper and to 
start the discussion I would like to ask Mr. 
Stevenson of the Bradford Dyeing Asso- 
ciation to make a few remarks. 

JAMES A. STEVENSON: Mr. Etchells 
has covered this subject so very completely 
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that he has left very little for the 
We are not lik 
the war commentators today and we 


commentator to say. 
not make a guess. For this very learne 
audience I am afraid we dare not gue 
Taking the fibers in the order in whid 
Mr. Eetchells announced them, we hay 
very little to say on the dyeing of acetar 
The normal methods seem to be very well 
understood and the newer methods arj 
still in the early experimental stage. 
might say, however, that the application 


of pigment colors such as the Aridye of 


Sherdye colors does give one an oppor 
tunity of producing which ar? 
fast to light and gas fading. 

There is some limitation, of course, 
the moment, on the depth of shade by 
that probably is going to be eliminated 
before very long. 

On the dyeing of nylon, the most level 
results seem to come from the use of ac 
tate colors and probably as Mr. Etchelk 
said, using the covered jig. 

Reference has been made to the nev 
method developed by duPont for the us 
of chrome colors. There is another meth 
od in process of development using th 
Palatine colors of General Dyestuff Corpo 
ration which I think is going to produc 
equally satisfactory results, giving dyeing 
which are fast to light—that is, reasonabh 
fast to light—and with very good wash 
ing fastness. 

On Vinyon E I can speak with ver 
little experience except that we have ru 
some foundation garments in which the 
rubter was replaced when the shortag 
came about. They were dyed mostly ip 
nude on tearose shades. There was very 
little trouble from the dyeing angle bu 
there is a difficulty in drying the fabric, 
which must be done at a low tempera 
ture. 

Concerning Aralac, I think this artick 
has covered that fiber extremely well. ! 
am more interested in the dyeing of men‘ 
wear fabrics, or spun rayon and mixtures, 
where better fastness seems to be neces 
sary than in the ordinary dyeing, and we 
do find that in dyeing Aralac at low tem 
peratures to avoid a two-tone effect, we 
lose some of the resultant fastness t 
washing. 

With reference to Fortisan and Fiber 
B, here again I would like to sugges 
the possibility of the use of pigment colors 
which do seem to do an excellent job. 

As far as viscose is concerned, we have 
different problems in handling filament 
rayons and spun rayons. In the handling 
of suiting fabrics where fastness is a vefy 
important factor, we unfortunately find 
that the faster type of colors do not dyt 
as level as do the regular type of colors, 
with the result that sometimes we aft 
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inclined to get streaky dyeing. This is 


ik, source Of innumerable verbal tilts with 


very learne 
'e€ not gue 
Jer in whi 


the yarn people over which we get a 
lot of kick. We dye some goods and 
they come up streaky. The yarn people 
ay, “Well, let me have a piece. We 


Hwill strip it and redye it and Fring it 


Bout level.” 


Invariably we find that when they do 


@ that, the more level dyeing colors are used 


and the fastness is not sufficient to meet 
the men’s wear standards. 
Mention has been made in at least two 


of the papers this morning on the matter 


»f course, 4 


e most level 
» use of ace 
Mr. 


of dimensional stability. It is 
important question and it is one that has 


a very 


« be solved if spun rayon fabrics are 
going to be successful in the men’s wear 
field: However, I think that is almost on 
the point of being solved. I have seen 
recent ads where fast colors are being 
ued and dimensional stability has been 
daimed. Time alone will tell how true 
that is, but I really feel we are on the 
point of having available methods of 
finishing which will definitely stabilize 
spun rayon fabrics within certain toler- 
ances Over even a period of ten, fifteen or 
twenty washings. 

No mention has been made of glass, 
but here again I would like to suggest 


MB the possibility of the use of pigment 
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colors which I know are now being used 
with a reasonable degree of success. 
Applause.) 

CHAIRMAN SMITH: Thank you, Mr. 
Stevenson. I would next like to ask Mr. 
Jacobs of the United Piece Dye Works if 
he will comment on this paper. 

L. JACOBS: I am afraid there is not 
much comment left to be made. The sub- 
ject has been covered pretty fully both by 
the original speaker and the succeeding 
commentator. However, there is one point 
that, from the practical dyer’s standpoint, 
tas been bothering us for a number of 
years. 

Mr. Etchells spoke at some length on 
this point and I would like to try to 
bring it up for discussion at this meeting. 
The point I have in mind is atmospheric 
fading. The dyestuff manufacturers and 
the dyers and the textile chemical manu- 
facturers have all attempted to find a 
atisfactory solution for atmospheric fad- 
ing. 

So far I agree with Mr. Etchells there 
nothing completely satisfactory. I 
wonder if the yarn manufacturers are 
working on the problem? 

MEMBERS: Yes. 

L, JACOBS: I heard a “yes.” Can some- 
one tell us something about it? I ex- 
pected I would have some support. 

Doctor Smith, can you give us any 
information on this? 
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CHAIRMAN SMITH: I can only say 
that the yarn manufacturers are working 
on the problem and working very hard. 
To my knowledge there is no complete 
solution available at the moment, but I 
can’t speak for the other manufacturers of 
acetate rayon. 

So far, we feel that great improvement 
has been made by the choice of dyes 
within the anthraquinone group and by 
the use of azo dyes where the fabric will 
permit and by the application of inhibi- 
tors under conditions which permit the 
inhibitors to be more effective. We have 
been able to correct a number of in- 
stances of serious gas fading. We have 
found in instances that 
the pH of the fabric was very much on the 
acid side, in some cases being as low as 
five or even below five. That means that 
the inhibitors are completely ineffective 
because they only function when the fab- 
ric is neutral or slightly on the alkaline 
side and it also means that regardless of 
whether an inhibitor is present or not, 
the fabric is in the most favorable condi- 
tion for the rapid color change of the 
anthraquinone colors. By cooperation and 
work with the finishers in those cases, we 
have been able to help them improve their 
applications of resins and finishing agents 
and thus to effect a very marked improve- 
ment in the performance of the fabrics so 
that they were considered satisfactory 
based on our present scale of possibili- 


several of these 


ties. 

The dye 
are working on the application of dye- 
stuffs which do not fade but which so 
far have not been applicable to acetate 
for satisfactory fastness. 

I read these papers before this session 
but as I have heard them delivered it 
strikes me that here is a body of concrete 
facts from four men who know, which 
will merit study in the printed form and 
which will undoubtedly stimulate many 
of you to thoughts that you cannot per- 
haps catch on the spur of the moment. 

Mr. Etchells’ paper is a masterpiece of 
factual summation of the practical aspects 
of dyeing these many varied fabrics and 
of the dyes involved. 

I have one comment I would like to 
make on the subject of dimensional sta- 
bility, or, I believe the new word is 
dimensional change, and that is, that the 
control of dimensional stability should 
start with the construction of the fabric. 
I think our fabric designers are fully 
aware of this but that they will have 
to constantly keep in mind the necessity 
of constructing a fabric which has to meet 
the requirements the customer wants as 
to the character of the fabric, but still 
try to make that construction the most 


manufacturers and finishers 


suitable for subsequent handling. 

I think there is one point on which 
the grey mill can have a very definite 
influence and that is the amount of 
stretch during warp sizing because there 
is sometimes the tendency to stretch the 
yarn for what may seem to be very good 
reasons otherwise, but I am quite sure 
that adds to the difficulty of producing 
a fabric which is stable, inasmuch as a 
material which has been stretched when 
it is wet and dried under tension will 
try to recover during subsequent wet 
treatments. 


Then I think as Mr. Stevenson and as 
Mr. Etchells pointed out, there is a great 
deal to be accomplished by the control of 
tension during finishing and that the syn- 
thetics in general and the rayons perhaps 
in particular require a different philosophy 
of approach than do cotton and wool and 
even silk which have been handled with- 
out as much regard to tension. In the 
case of cotton the palliative was the San- 
forizing process which pushes the fabric 
together again after it has been stretched 
by the lengthwise operations necessary in 
commercial finishing. In the case of the 
synthetics, I think we have to pay much 
more attention to controlled tension dur- 
ing handling so as not to produce that 
stretch lengthwise in fabric during wet 
treatments. 

That brings me to the last comment 
I have, which is to emphasize Doctor 
Quig’s point that we are now embarking 
on the science of coloration rather than 
the art of dyeing. The rayons are pro 
ducing revolutionary changes in spinning 
machinery, warping machinery and even 
in looms, because these pieces of equip 
ment have had to be redesigned to handle 
these fibers to their best advantage. The 
same is true of finishing machinery. |! 
think that the finishing plants of the fu 
ture—coloration plants, perhaps we should 
call them—will not be based solely on the 
handling of fabrics by traditional meth- 
ods, but that we will see more and more 
the application of scientific control and 
the application of methods involving per- 
haps solvents and solvent recovery, or at 
least organic agents, to produce controlled 
swelling and to get the color into the fab- 
ric. 

MR. BERNTHAL: We have an English 
fiber up in Canada called Rayolanda X. It 
is a product of modified cellulose, I be- 
lieve, and we were anticipating using it as 
a blend with wool and we wondered if 
anybody has had any experience with this 
fiber. 

CHAIRMAN SMITH: Rayolanda X is, I 
believe, a fiber which has been given 
some affinity for wool dyes and there have 
been papers published on it in the English 
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journals which indicate that it can be 
handled in connection with viscose either 
to produce a solid shade or to throw the 
color one way or the other, but I am not 
familiar with the details of it. 

WALTER THOMPSON: I would like to 
ask Mr. Etchells if he has had any experi- 
ence with the metal dyes such as the 
chromogens on nylon. 

MR. ETCHELLS: I have had quite a bit 
of experience with them but I don’t feel 
free to comment on them because as a 


member of the Nylon Task Committee I 
don’t like to give out information on that 
until it is published by the Committee. 
We have had the experience. 


CHAIRMAN SMITH: We will now pro- 
ceed to the fourth and final paper, the 
subject of which is “The Use of Synthetic 
Fibers in Knitted Fabrics.” The paper is 
by Mr. Bendigo. 


... Mr. Bendigo then presented his pre- 
pared paper . . . (Applause). 


THE USE OF SYNTHETIC 
FIBERS IN KNITTED FABRICS* 


C. W. BENDIGO 


HE use of synthetic fibers in knitted 

fabrics covers such a wide field that 
it is admittedly impossible to do anything 
more than to touch upon the more inter- 
esting or the more significant phases in 
the amount of time which can be devoted 
to the subject this morning. As I gathered 
material to be presented here, I iound that 
most of it could be classified under 
one of these general headings: 
yarns, finishes or sizes, and spun 
Of course, there is 
bound to be some overlapping as some 


three 
new 


yarns for knitting. 


of the new yarns I shall describe are spun 
yarns; and the finish or siz2s applied to 
the new yarns are extremely important. 

As to new yarns, most of you undoubt- 
edly have seen early publicity of Velon 
as a hosiery yarn. Some of this publicity 
was rather premature, and there have been 
numerous rumors throughcut the hosiery 
knitting field in regard to a new yarn by 
Firestone. To get the record straight, I 
contacted Firestone Industrial Products Co. 
and can advise you that such a mulkti- 
filament yarn is only in the development 
stage, but that it is being developed ag- 
gressively. I use the term “multi-filament 
yarn” to distinguish it from Velon mono- 
filament, however, the yarn produced to 
date could scarcely be thought of as multi- 
filament in the same sense that we consider 
100-den., 100-filament yarn as multi-fila- 
ment. As a matter of fact 100-den. Velon 
yarn contains about eight or ten filaments. 
The first reaction may be that 100-den. 
Velon is too heavy to be considered as 
full-fashioned hosiery material, but I has- 
ten to advise you that this yarn is still in 


* Presented at Annual Meeting, Atlantic City, 
N. J., October 14, 1944. 
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the development stage and that 100-den. 
Velon is finer than 100-den. rayon or nylon 
due to its greater specific gravity. For 
example, viscose process rayons have a 
specific gravity of about 1.5, acetate 1.3, 
nylon, 1.1, but Velon has a specific gravity 
of 1.7. 

A little additional 
gard to Velon hosiery yarn may be of 
It has been tound thar 100-den. 
fuil-fasnicned ma- 


information in re- 


interest. 
yarn can be knit ca 
chines as fine as 9: gauge, and it is taken 
for granted tnat Ve.on wili be entirely 
suitabie also for womens circular hosiery, 
due to its thermopuastic properties. 

The finishing of Velon hosiery wili pre- 
sent various problems, particuiarly since 
there is at present no known method vy 
which the material can be dyed, except 
to color the solution before spinning. This 
dces not mean that fugitive tints cannot 
be put on the yarn for identification pur- 
poses. Such tints are being employed in 
conjunction with a waxing and plasticiz- 
ing treatment, so that the yarn will with- 
stand twisting and knitting. In finishing 
Velon hosiery, it is claimed that no pre- 
boarding is necessary, and the only real 
finishing required is that of removing the 
tint and treatment. This presumably is 
just a washing action, after which the 
stockings are boarded at approximately 
235°F. I need not point out to you that 
this apparently simplifies the finishing op- 
eration, while at the same time it limits 
the control over the shades in which the 
hesiery can be furnished. 

The foregoing may appear to be overly 
simple and undoubtedly when Velon is 
used commercially as a hosiery yarn, many 
problems now unforeseen will arise. 


C. W. Bendigo, Associate Editor, 
“Textile World,” New York, N. Y., 
was technical director of Judson 
Mills, Greenville, S. C., and co- 
ordinated its technical department 
with Laurens Cotton Mills and 
Abbeville Mills, prior to joining 
the editorial staff of the McGraw- 
Hill publication “Textile World.” 
Before that he was superintendent 
of one of the High Point, N. C.,, 
plants of Burlington Mills. Mr. 
Bendigo was educated at Ursinus 
College and the University of North 
Carolina where he majored in jour- 
nalism. His editorial 
duties include technical problems 
in synthetic yarns and in knitting. 
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Work has already been done in regard 
to knitting Velon mono-filament, one sam. 
ple of which, in the form of a shoe fabric, 
is on display here. Warp knit (as well as 
woven) Velon curtain materials offer dis- 
tinct possibilities in view of the special 
characteristics of this new yarn. The 
characteristics referred to are those of 
translucence or oOpaqueness resistance to 
soiling and resistance to fire. 

Most of you will scarcely consider nylon 
as a new knitting yarn, but frankly the 
Du Pont Company does think of it asa 
new knitting yarn since it had just barely 
started in this field before it was with- 
drawn for 100 per cent military use. It is 
expected that nylon upon its return t 
the knitting field will take about the same 
place that it occupied when it was with- 
drawn. Leg yarns undoubtedly will be 
30 cr 40 den. and welt yarns possibly 70 
den. 
nylon yarns which will be offered for 
hosiery 
are now being manufactured for human 
escape chute cloth. Such yarns have 4 
slightly higher luster and strength than 
delustered nylon yarns which were far- 
merly used for hosiery. It can be as 
sumed that when nylon is produced spe- 
cifically for hosiery it will again be of 
the delustered type, although there is but 
little visible difference between 4 
stocking made from the so-called bright 
nylon and the delustered nylon. That is 
assuming the use of twisted yarn. 


will be the same yarns which 


very 


As I have said, knitting nylon hosiery § 


will be resumed in much the same man- 
ner in which it left off, but changes will 
soon come and one of the first that is 
anticipated is a change in the dyeing of 
nylon. Due to its translucence, nylon 
hosiery can te dyed in colors rather than 
in shades of tan, and such colors will 
tend to match the costume of the wearet- 
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Such colors should by no means be co- 
fused with the vivid color on a sample 
of spun-rayon full-fashioned hosiery which 
{ will show you later. Another change 
which is being anticipated in nylon will 
be in regard to deniers and twists. You 
see before me here pieces of 57 ga., 15-den. 
\$-turn full-fashioned hosiery. Such hosi- 


I ery was considered the ultimate just be- 


fore nylon was taken off the market. 
There have been samples knitted experi- 
mentally finer than this 15-den., but it 
can be reasonably assumed that there will 
be production of 15-den. mono-filament 
nylon hosiery in the not too distant future 
and it may be from machines as fine as 
The other sample of sheer 
nylon hosiery which I have on display 
here (supplied by Scott and Williams) 
represents the continuation of the trend 
to knit thermoplastic yarns on extremely 
fine circular hosiery machines. The ex- 
ample here is a 400-needle product made 
with 30-denier yarn, containing 30 turns 
per inch. I need not tell you that thermo- 
plastic properties of both nylon and Velon 
adapt them particularly well to circular 


knitting, since these properties permit 


them to be shaped by heat rather than by 
adjusting the number of needles knitting. 

It is difficult to speak to such a group 
as this in regard to nylon hosiery yarn 


without going into the subject of treat- 
ment of the yarn for knitting. Some per- 
sons prefer to think of this as a finish 
on the yarn, but in the case of nylon 
there is but little question that the treat- 
ment is a size which imparts a coating 
similar to that put on synthetic and cotton 
warp yarns in order to weave them. 
[am sure that most of you are aware 
of the conventional manner in which 
nylon yarn was sized and then oiled in the 
single end when used for knitting civilian 
hosiery. Limited experimentation has 
heen carried on in the direction of apply- 
ing both the size and the oil in one op- 
eration, and it is claimed by some con- 


B cerns that the necessary treatment can be 


applied to nylon in the coning operation, 
citccumventing the conventional sizing and 
oiling. I hasten at this point to mention 
that the combining of sizing and oiling or 
its application in the coning opetation 
are not Du Pont developments or pro- 
cedures. The Du Pont Company take 
the attitude that it is supplying a yarn 
and that whatever is the best treatment 
of the yarn is a matter for the mills to 
Do not misunderstand me as 
advocating either the conventional method 
of single-end sizing and oiling or some 
simpler method. It is my personal belief 
that single-end sizing and oiling is too 
expensive, and that the press of competi- 
ton will bring down the cost of this op- 


1945 


eration, will simplify it, or will elimin- 
ate it. 

Nowhere is the importance of the finish 
or size on a knitted yarn any greater than 
in rayon yarn for use in knitting women’s 
hosiery. Viscose, acetate, and cupram- 
monium process rayons have been used 
for many years in knitting women’s hosi- 
ery, but its use was limited almost entirely 
to low-twisted yarn. When silk and then 
nylon were taken from the knitters, the 
market demanded a twisted rather than a 
relatively untwisted rayon to be used, and 
this brought the absolute necessity for 
some yarn treatment which would plas- 
ticize, lubricate, and set the twist. 

There is considerable discussion as to 
what is the best method for treating rayon 
yarns to be knitted in women’s hosiery. 
National Oil Products Co. advocates a 
water-soluble wax which can be applied 
to viscose, cuprammonium, or acetate 
yarn. I should mention that in the case 
of acetate yarn, slightly higher amounts 
are recommended. American Viscose Corp. 
feels that solvent-soluble waxes are prefer- 
able and it has developed Avconit No. 3 
which is suitable for wet knitting and Av- 
conit No. 4 which consists of a self- 
emulsifiable wax which is easy to boil off. 
Avconit No. 4 is especially suited for use 
on acetate, since it can be scoured from 
the hosiery in water of 140°F. even with- 
out the use of soap. The customary meth- 
od of applying the treatment is to do so 
by soaking skeins; however, Avconit No. 4 
can be applied from the emulsion rolls 
during coning when it is not advisable 
to treat the yarn before twisting. This 
would be in instances in which the yarn 
is received on cones. 

Probably the ultimate in treating rayon 
yarns for use in women’s hosiery is the 


practice of the Industrial Rayon Corp. ; 


to wax and tint the yarn as a step in its 
continuous process of rayon yarn manu- 
facture. To a limited extent, and with 
no plans for increase, Industrial Rayon 
Corp. is supplying 75/30 semi-high-tenacity 
rayon on waxed and tinted cones. This 
yarn has a strength of 2.9 to 3 grams per 
denier, and requires no oiling during con- 
ing nor any additional treatment. With 
the treated Industrial yarn as well as yarn 
treated with Avconit No. 4, it is not 
advisable to wet the yarn during knitting, 
due to the fact that the materials used 
are self-emulsifiable. 

It is interesting to note that Industrial 
is supplying a fairly strong knitting yarn 
which is in line with the opinions that 
have been expressed concerning the use 
of strong rayons in hosiery yarn even 
after nylon and silk are again available. 
This should not be interpreted as a state- 
ment that any of the three rayons will 
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compete seriously with nylon and silk for 
women’s hosiery, but I do believe that 
strong rayons will have a place in women’s 
low-priced hosiery, in men’s hosiery, and 
in other knitted fields. 

Before leaving filament synthetics and 
discussing the spun synthetics, I should 
point out the expanding use of synthetic 
fibers in tricot knitting. Possibly I can 
do this best by referring to the series of 
articles on this subject which appear in 
the September issue of Textile World. 
While on the subject of warp-knitting 1 
should like to call your attention to these 
two cuttings of black jersey. One is the 
customary cloth which contains a sheen 
that is generally considered objectionable 
and difficult to overcome. The other 
piece of jersey is dull and rich looking. 
Its dullness was not achieved in the fin- 
ishing but in the throwing plant through 
twisting the yarn. At present practically 
no synthetics are being thrown for use 
in warp knitting, but undoubtedly much 
will be as market conditions return to 
normal. 

In regard to filament synthetics, I should 
also point out the announcement of fin- 
ishes which reduce the tendency for filling- 
knit fabric to run. By filling-knit I refer 
to fabrics such as those produced by cir- 
cular and full-fashioned machines. Per- 
haps some of you have heard Dr. Powers 
speak this morning about a Monsanto 
finish to prevent runs in women’s stock- 
ings. If such finishes do live up to the 
claims made for them, they will greatly 
enlarge the field of synthetic fibers in 
knitted fabrics; for example, in the cir- 
cular underwear and outerwear field. 

In general, one of the chief merits of 
synthetic filament yarns for use in knit- 
ting is the uniformity of the yarn. 1 
refer particularly to uniformity in diam- 
eter and strength. When it is desired 
to knit a relatively heavy-quality fabric 
no allowance need be made for variation 
in diameter as is necessary when utilizing 
spun yarns, natural or synthetic. For 
example, the heaviest filament rayon nor- 
mally run on 28-cut circular machines is 
200 den. This would compare with about 
26s cotton yet the heaviest cotton nor- 
mally run is 30s. It is not strictly correct 
to assume that 26s is the equivalent of 
200 den. for this purpose since the cot- 
ton diameter would be about .0006 greater 
than the synthetic, assuming the synthetic 
to be viscose rayon. But practical knit- 
ters do make allowances for lack of uni- 
formity of spun-yarns compared to fila- 
ment, and this allowance varies depend- 
ing upon the quality of the spun yarn. 

Going to to spun synthetics in knitted 
fabrics I predict that this field will be- 
come of increasing importance starting 
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with blends of synthetics and natural 
fibers on the customary cotton and worsted 
spinning systems and with 100 per cent 
synthetic fibers on the spun-silk and pos- 
sibly worsted systems. One of the prob- 
lems in regard to the use of spun syn- 
thetic fibers in knitting has been the need 
for a soft-twisted yarn of good strength. 
This is difficult to achieve when using the 
short fibers necessary when spinning yarn 
on the conventional cotton system. But 
with the tow-to-top method of manufac- 
turing staple and the spun-silk system for 
twisting it, the use of 100 per cent spun 
synthetic yarn becomes practicable. I 
have before me some samples of vividly 
colored, 100 per cent spun rayon full- 
fashioned sport stockings. I have also a 
sample of 100 per cent spun nylon in the 
form of a very soft and fluffy sweater. 
At the conclusion of this meeting you are 
welcome to examine any of the materials 
and unless you are already familiar with 
spun-nylon knitwear I believe you will 
like to feel the unusual hand of the 100 
per cent spun nylon fabrics. These sam- 
ples are supplied by Champlain Spinners, 
of Whitehall, N. Y. 

I should like to point out here that 
ordinary rayon staple is not as suitable 
as strong rayons for spinning into knit- 
ting yarn. I am here referring to spin- 
ning yarns on the cotton system, whether 
the yarns be 100 per cent spun rayon, 
blends of cotton and rayon, or blends of 
wool and rayon. (I am purposely men- 
tioning here the spinning of wool blends 
on the cotton system.) An example of 
strong rayon fibers is Avisco Fibro which 
is made in 1-den., 114-den., and 11%-den. 
staple 19/16 in. long. 

It has been noted that on filament ray- 
on, 12 per cent is considered the minimum 
elongation from which satisfactory knit- 
ting can be obtained, whereas on spun 
rayon blends, elongation rarely exceeds 
12 per cent. 
yarns will knit at a lower total elonga- 


That means that spun-rayon 


tion than continuous filament yarn. This 
can be understood because of the cushion- 
ing action and the fiber slip in staple 
In addition, as I 
pointed out, such yarns contain a higher 
strength and, of course, the breakage of 
an occasional fiber goes by unnoticed. 
That spun rayons will become increas- 
ingly important in knitted fabrics can 
easily be understood when it is recalled 
that the staple can be tailor-made as to 
length, strength, diameter, and any other 
characteristics which appear desirable. 
In conclusion, I want to make the gen- 
eral remark that the use of synthetic fibers 
in knitted fabrics is one that will con- 
tinue to increase enormously. Watch warp 
knitting and spun synthetics in particular. 


yarn. have already 
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DISCUSSION 

CHAIRMAN SMITH: As the first com- 
mentator on this paper, I would like to 
call on Mr. Snyder of the du Pont com- 
pany. 

ARTHUR L. SNYDER: I would like to 
congratulate the speaker on what I con- 
sider an excellent paper on a very broad 
subject which was rather difficult to cover 
in the very short time he had. I would 
like to add just a few remarks. 

In regard to the future of the knitting 
trade, I believe it is going to go through 
some sort of an evolution shortly after the 
war when a number of these new tricot 
and high speed circular machines become 
available. We know that with these ma- 
chines the efficiency of knitting is going 
to be increased so it will probably be 
one of the cheapest means of converting 
a yarn into a fabric. It is well known 
that a number of the larger weavers are 
investigating or evaluating tricot knit- 
ting at the present time. 

I think if these large weavers with their 
skilled technicians, their promotion, their 
method of distribution, decide to enter 
the tricot field, that the results will cer- 
tainly be far reaching. It is expected that 
tricot jersey and novelty fabrics will con- 
tinue to grow in the dress and apparel 
fields. 

In Mr. Bendigo’s talk he briefly discus- 
He referred 
to nylon, which he called a new fiber, 
also Velon. We heard from Doctor Appel 
this morning about a number of the new 
fibers still in the test tube state. It will 
be interesting to see what the effect of 


sed some of the newer fibers. 


these new fibers will be on the knitting 
field. 

We are all 
the way nylon has replaced silk in the 


familiar, of course, with 


hosiery trade. When nylon again become; 
available and other of these synthetic fab- 
rics emerge from the test tube, what will 
be their effect on the remainder of the 
knitting trade? It is questioned as to how 
much they will replace the present cellu- 
lose base rayons. 

In studying the properties of these new 
synthetic yarns, one new property stands 
cut which is not common in the other 
textiles with the exception of cellulose 
acetate and that is thermal plasticity. 

Mr. Bendigo very lightly touched on 
nylon seamless hosiery. These hose, as 
Mr. Bendigo explained, are knit in a tubu- 
lar shape, having the same number of 
needle wales in the ankle as in the welt. 
Due to the thermal plastic property of 
nylon, the hose are then molded to shape 
by means of heated forms. By this pro- 
cedure stockings having improved and 
permanent shape can be produced. 

I do not wish to discuss the merits of 


nylon full fashioned versus circular kp 
hose, but I merely wish to demonstrg 
that this property of thermal plastic; 
of a textile yarn may have a far reachip 
Knitted fabrig 
will particularly lend themselves to the 
mal shaping. 

Already work has been started on pr 


effect on this industry. 


ducing brassieres by shaping rather thi 
cutting from patterns and sewing. Oth 
articles of wearing apparel may be fabr 
cated in the same way. 


tainly do not believe it will be to 
Rather 
fibers will be blended and used in cop 
junction with the present fibers. Improve 


exclusion of rayon. these n 


fabrics will be developed by taking 
vantage of the desirable properties 
both types of fibers. 

Probably, there will be some replac§ 
ment, especially in trades wher 
sheerness is a desirable property. Nylo 


those 


has replaced silk in the hosiery trade kj 


cause this trade demands sheerness, weal 
ability and uniformity. Nylon excels sil 
in each of these three properties. In ce 
tain of the other knitting trades, howeve 
where sheerness is demanded, bu 
properties of of bod; 
hand, drape, are the main requisites, it 


not 
rather warmth 
believed that the viscose and acetate ra 
ons now in use will 
their positions. (Applause.) 
CHAIRMAN SMITH: Mr. Snyder and 
in the hole. Apart fro 
technical qualities of the 
I think the 


manufacturing cost will keep the rayon 


have one ace 
the relative 

various materials, factor | 
in a satisfactory competitive position for 
that, 
the newer fabrics will find special field 


long time to come and therefore 
I am quite sure everyone will agree th 
the rayons are probably here to stay an 
bulk needs fe 
general utility fabrics for a long whil 


certainly to meet the 
to come. 

Our second commentator on this pape 
is Mr. Dixon of May, McEwen, Kais 
Company. 

HENRY B. DIXON: Gentlemen, I £ 
from Mr. Bendigo’s comments, we sti 
have a job to do. 
for his enlightening paper on synthetij 


I want to thank hi 


fibers in the making and I am sure thé 
I bespeak the sentiment for each of you 

Three years ago at our Annual Meetiti 
at Pinehurst, N. C., several papers we 
presented on hosiery. Silk at that tim 
had been frozen—a few were experiment! 
ing with rayon but no one took it sef 
cusly as we had that better than silk 
“nylon” to fall back on. A few agret# 
that rayon would be of short duration, {0 
as soon as Uncle Sam put the screws © 
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Japan, she would knuckle under and silk 
would be available again for hosiery. 
During the intervening three years, we 
have seen nylon become 100 per cent 
military and hosiery manufacturers turn 
to all types of rayon to supply the hosiery 
consumers. Many advances have been 
Mmade. In fact, we have had to use many 
things that a few years ago would have 
been considered impractical for hosiery. 
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Practically all types of rayon have been 
used to meet the need and we dyers have 
had to find a finish to suit each type of 
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ers are the most widely used for testing the 
resistance of fabrics against hydrostatic 
pressure; that is, pressure exerted by a 
column of water. Some government 
agencies and companies specify that a fab- 
tic shall have a certain minimum hydro- 
static pressure as tested with the A.A.T.- 
CC. tester while others specify the use 
of the Suter tester. Some specifications do 
not mention the type of tester to be used 
in the determination of hydrostatic pres- 
sure, 
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o thank hig © tained on the two testers under 
question, but it has been known that the 
on syntheti 





A.A.T.C.C. instrument gives higher read- 
ings than the Suter instrument. This is 
probably due to the difference between the 
areas of fabric subjected to test in each 
instrument and to the fact that the water 
meets the fabric from below in the 
A.A.T.C.C. tester while it meets the fabric 
from above in the Suter machine. It has 
often been desirable and many times nec- 
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ing to those engaged in the manufactur- 
ing of finishing compounds that they be 


sure that the finish does not in any way. 


injure the fabric. In this day of trying 
to be first, sometimes a manufacturer be- 
comes over enthusiastic about his product 
and does not check into the results from 
a wearer’s standpoint. A finish that looks 
fine to the eye sometimes shortens the 
wearing quality of the finished product. 


Mr. Bendigo mentioned many new 
fibers that will find their way into hosiery. 
With the consuming public “finish con- 
scious,” we in the finishing department 
will have to work out with the coopera- 
tion of the chemical and finishing com- 
pound manufacturers a suitable finish for 
each new type of synthetic: fiber. 


We all look with a certain degree 
of apprehension to the future in the hosi- 
ery industry but since the “bark is worse 


essary to compare fabric performance but 
it has not been possible except by testing 
with the use of the specified type of 
tester. 

Because of the prevailing conditions 
mentioned above it was desired to find 
what mathematical relationship, if any, 
exists between the values obtained with the 
A.A.T.C.C. and the Suter testers. 

As a preliminary feature it was decided 
to determine the effect of temperature on 
hydrostatic pressure resistance in koth 
testers. Steigler and Hood’ have shown 
the importance of temperature in water 
repellency tests, however, only with regard 
to the spray test developed by Cook and 
Zaparanick. They found that tempera- 
ture affected the water resistance of wax- 
type finishes considerably but that of the 
durable type to a much lesser degree. 
Slowinske’ found that a fabric treated with 
Zelan had about the same per cent ab- 
sorption in the immersion test at 160° F. as 
the same fabric treated with a wax-type 
finish but tested at 80° F. However, per 
cent absorption increased with increase in 
temperature in both cases and the values 
came close together above 200° F. 


APPARATUS 
The A.A.T.C.C. Hydrostatic Pressure 








than the bite,” we in the hosiery industry 
will welcome the return of peace and 
all the new synthetic fibers the postwar 
holds in store for use. (Applause.) 

CHAIRMAN SMITH: I want to thank 
the four speakers for the excellent job 
they have done in preparing these papers 
and for helping me to do my duty by 
getting copies of the papers to me in time 
to send them to the commentators. I 
want to thank the commentators for the 
time they have taken to read the papers 
and to prepare their remarks, which have 
added so much to the interest of the 
meeting. I want to congratulate the Pro- 
gram Committee of the AATCC for hav- 
ing organized one of the best technical 
meetings we have ever held, in my opin- 
ion one of the best that has been held 
in the industry for a long time. 

The meeting thereupon ad- 

journed. ... 





A Comparison of the A.A.T.C.C. and Suter 
HYDROSTATIC PRESSURE TESTERS 
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Tester is shown in Figures 1 and 2. It 
is essentially the same as that described 
and illustrated on pp. 232-234 of the 
1943 Year Book of the American Associa- 
tion of Textile Chemists and Colorists’. 
The fabric holder has been modified to 
permit the testing of a fabric without the 
cutting of a sample. A test strip across 
the width of a fabric can be tested by 
sliding the strip over the well of the fabric 
holder. The two brass studs have been 
replaced by a single arm. Also, the height 
of the hydrostatic pressure cylinder was 
increased from 50 to 85 centimeters to 
permit the testing of a fabric such as 
Oxford Cloth which gave values above 50 
centimeters. A T-tube and pinch clamps 
were used instead of the 3-way stopcock 
at the -ottom of the pressure cylinder. 
The use of a rubber gasket, an ordinary 
canning jar rubber, was useful in the case 
of a few fabrics which tended to leak 
where the clamp meets the fabric. 


The Suter instrument shown in Figures 
3 and 4 is essentially the same as that des- 
cribed and illustrated on pp. 223-225 of 
the 1940 Year Book of the American As- 
sociation of Textile Chemists and Color- 
ists. The newer machine used in the 
present work has several improvements 
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Figure 1 


and modifications including provision for 
hydrostatic pressures over 100 centimeters. 
Because of the large volume of water used, 
the constant level device is usually con- 
nected to a water tap. However, an accu- 
rate but variable temperature control was 
required in the present work, so an over- 
head reservoir in the form of a 5-gallon 
bottle was used. 


TEST PROCEDURES 
SAMPLING 

For the temperature - versus - repellency 
work, three samples, 3 x 3 in., for the 
A.A.T.C.C. tester and three samples, 
614 x 6) in., for the Suter tester were cut 
from five fabrics. Because of the varia- 
tion usually found in textile materials 
and which was evident in the tempera- 
ture-vs.-repellency work, 10 samples for 
both testers were cut from 20 fabrics in 
the comparison work. In all cases, stand- 
ard sampling procedure was used, the 
area of a fabric within 10 per cent of the 
selvedge being avoided. The face of each 
fabric was in contact with the water in 
each test. 


PROCEDURE TESTED WITH 
A.A.T.C.C, TESTER 

The temperature of the water in the 
overhead storage tank was adjusted so 
that it would deliver water at the desired 
temperature in the fabric holder. Before 
running a series of tests, the rate of flow 
into the pressure cylinder was checked by 
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Figure 2 
closing off the bottom of the pressure 
cylinder and measuring the time required 
for the water to reach the 50-cm. mark. 
The well of the fabric holder was filled 
with water at the desired temperature. 
The sample was then secured firmly by 
screwing down the clamp. Water from 
the overhead storage tank was allowed to 
flow into the constant-level device and 
to give a continuous overflow thru the 
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overflow tube. Connection between 
pressure cylinder and the fabric hold 
was then established. Finally, water w 
allowed to enter the pressure cylind: 
thru a nozzle at the rate of one centimetyy 
per second. The hydrostatic pressure 
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recorded at the instant that drops ¢ 
water appeared at three separate points 
the upper side of the fabric in the fabri 


holder. Any leakage at the circle of co 
tact of the fabric with the fabric holdy 
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was disregarded. 


PROCEDURE USED WITH 
SUTER TESTER 


As in the case of the other tester, . <= 
temperature of the water in the overhead) : 
reservoir was adjusted to deliver wath . | 
at the desired temperature in the fabri 
holder. Because of the large volume ¢ 
water required and the changes in wate 
temperature facilitated by the large men 
surface of the fabric holder and by th 
length of tubing involved, it was rathe 
difficult to obtain and maintain the desire 
temperature; however, proper allowance 
were made for changes in the temperatur 
of the water. After the sample was clamped 
down under the vertical well, water fron 


the overhead reservoir was permitted t 
The con-7 


Fig. 6. | 
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ing fros 
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enter the constant level device. 
stant level device was then raised at: 
rate of one centimeter per second by mean 
of a chain drive. As in the case of th 
A.A.T.C.C, tester, the hydrostatic pressur 
was recorded at the instant that drops o 
water appeared at three separate point 
but this time on the bottom side of tk 
fabric in the fabric holder as reflected by 


the mirror. Again, any leakage at 


were as 
No. 1. 
No. 2 
No. 
No. 
No. 
As can 
Figures 
ture lov 
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circle of contact of the fabric with the 
fabric holder was disregarded. 


Figure 4 
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Fig. 5. Effect of Temperature in the 
A.A.T.C.C. Hydrostatic Test. 
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Fig. 6. Effect of Temperature in the Suter 
Hydrostatic Test. 


DISCUSSION AND CONCLUSIONS 

The effect of water temperature, rang- 
ing from 50 to 110° F., on A.A.T.C.C. 
hydrostatic pressure was determined. For 
the Suter tester, the temperature range 
was from 60 to 100° F. The fabrics tested 
were as follows: 

No. 1.—5 oz. Army Poplin, O.D. 

No. 2—5 oz. Army Poplin, O.D. 

No. 3.—9 oz. Army Sateen, O.D. 

No. 4—13 oz. Navy Jungle Cloth, Blue 

No. 5—No. 10 Duck, Greige 
As can be seen from Tables I and II, and 
Figures 5 and 6, an increase in tempera- 
ture lowers the hydrostatic pressure re- 
sistance of a fabric. 


TABLE I 
The Effect of Temperature on A.A.T.C.C. 
Hydrostatic Pressure Resistance 











Water pane Redreutte Puen. 
sical F. No. 1 No.2 No.3 No.4 No. 5 
50 50.3 33.5 41. 5 33.9 33.1 
60 43.8 35.8 41.6 34.2 31.5 
66.5 43.7 36.6 39.3 36.3 32.6 
70 45.2 33.9 39.2 32.3 32.2 
80 42.3 31.4 37.3 32.7 29.9 
90 41.7 36.2 36.6 31.5 27.8 
100 40.3 33.6 36.2 30.6 28.1 
110 36.6 31.8 34.3 29.3 23.3 
TABLE II 


The Effect of Temperature on Suter 
Hydrostatic Pressure Resistance 


Water humane Hydrostatic Premmefen. 
Temp.—°F No.1 No.2 No.3 No.4 No.§& 
60 39.1 30.0 36.1 32.8 31.8 
66.5 37.6 29.3 35.0 33.5 30.8 
70 37.0 29.2 34.5 32.0 29.2 
80 33.9 32.3 33.8 32.7 28.3 
90 31.2 28.5 33.9 30.4 25.7 
100 28.8 26.7 32.6 28.9 24.8 


Poplin No. 2 gave rather erratic results 
which were due to the variation in the 
cloth. This idea was confirmed when new 
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TABLE III 
Hydrostatic Pressure at 80° F. 
(Centimeters) — 
Fabrics A. -A. T. CL. Values Average 
1 20.0 20.7 20.5 19.3 23.0 22.7. 21.0 20.8 21.2 20.0 20.9 
2 21.4 22.2 22.2 20.5 21.8 21.5 23.8 22.5 23.7 23.4 22.3 
3 25.5 24.7 26.5 26.3 23.5 24.8 23.7 24.5 24.3 24.5 24.8 
4 26.5 25.7 27.3 26.9 22.0* 27.0 27.5 27.3 25.4 25.7 26.6 
5 27.7 27.4 28.6 26.9 27.4 27.6 27.0 28.4 28.3 28.1 27.7 
6 28.0 27.7 29.1 28.9 29.4 27.6 29.3 28.8 28.6 28.9 28.6 
7 29.5 28.9 28.5 28.3 29.3 27.8 28.9 27.6 28.7 28.8 28.6 
8 31.7 32.5 33.4 32.8 31.7 33.2 33.3 32.3 30.0 32.8 32.4 
9 30.2 34.3 31.1 33.6 35.3 35.8 33.5 33.3 32.6 31.5 33.1 
10 40.0* 36.2 34.7 34.7 33.7 33.7 33.8 34.7 34.2 36.3 34.7 
11 36.3 39.7 38.7 39.7 37.6 40.3 40.3 38.5 36.8 39.7 38.8 
12 38.3 40.0 39.8 37.5 38.6 40.2 38.6 39.8 39.3 39.0 39.1 
13 41.2 40.6 40.6 42.5 39.7 45.0 43.5 44.5 39.8 39.7 41.7 
14 39.8 42.0 41.1 42.3 45.0 43.1 42.7 41.2 41.2 41.6 42.0 
15 42.7 42.4 43.5 40.3 43.7 42.3 41.4 41.3 43.2 42.5 42.3 
16 47.5 42.7 46.7 43.9 44.4 42.1 42.6 46.2 43.2 45.7 44.5 
17 45.5 47.2 46.4 47.6 48.1 47.3 44.5 45.7 46.3 ee 46.5 
18 48.8 44.5 46.2 47.8 47.5 46.2 46.7 44.2 47.4 48.5 46.8 
19 47.3* 54.1 $5.0 51.3 50.5 55.0 57.0 56.5 61.0 59.0 56.8 
20 61.8 62.8 64.0 61.9 60.3 59.5 61.0 65.3 59.8 57.6 61.4 
* Not included in average. 
TABLE IV 
Hydrostatic Pressure at 80° F. 
(Centimeters) 
Fabrics Suter Values Average 
1 20.8 18.4 20.0 18.9 18.5 18.3 17.7 19.8 18.0 17.6 18.8 
2 23.5 20.6 22.0 23.3 23.0 20.6 22.1 22.2 20.3 20.9 21.9 
3 23.2 23.3 22.2 21.5 22.9 22.6 23.1 22.7 20.5 18.7 22.1 
4 23.5 22.9 23.2 23.5 22.0 21.7 21.6 23.0 21.2 25.0 22.8 
5 23.2 24.5 24.2 23.8 24.3 23.8 23.4 24.6 ie irae 24.0 
6 24.8 25.1 23.9 24.3 24.5 24.2 24.9 24.5 cal ees 24.5 
7 24.7 24.5 24.3 26.0 26.7 26.0 25.7 26.4 27.0 24.5 25.6 
8 25.8 25.1 25.2 25.3 26.6 26.1 26.6 25.5 27.0 26.1 25.9 
9 26.0 28.4 28.2 26.3 28.2 27.8 27.7 28.1 28.1 28.0 27.7 
10 30.7 27.0 27.6 27.7 27.9 30.2 28.0 28.0 28.3 27.4 28.3 
11 33.2 31.0 33.5 33.3 33.7 32.0 33.5 31.8 31.6 31.8 32.5 
12 34.7 35.2 36.1 33.0 33.7 35.4 37.9 34.0 38.0 aoa 35.3 
13 29.6 36.7 34.4 29.7 34.2 36.0 34.9 37.0 31.7 32.2 33.6 
14 36.0 37.3 35.6 33.7 36.5 33.7 34.3 36.9 35.8 33.9 35.4 
15 30.6* 33.0 33.5 34.5 34.0 34.0 34.1 34.1 34.2 36.2 34.2 
16 35.0 35.5 33.6 35.8 34.0 33.2 34.0 33.4 34.5 34.4 34.3 
17 38.3 39.1 41.3 36.1 40.5 39.8 38.0 39.0 39.5 40.6 39.2 
18 41.2 40.8 39.1 40.7 40.6 40.3 39.1 41.3 41.7 41.5 40.6 
19 46.0 45.7 48.1 45.6 44.5 46.6 43.0 46.7 43.2 38.3* 45.5 
20 45.2 43.7 47.0 48.0 43.1 44.9 47.6 48.3 44.7 48.9 46.1 
* Not included in average. 
TABLE V 
Average Hydrostatic Pressure—Cm. 
ao Test Specimens) 
70° F. 80° F. 90° F. 
Fabric* A.A.T.C.C. Suter A.A.T.C.C. Suter A.A.T.C.C. Suter 
ene 21.9 21.5 20.9 18.8 20.8 18.9 
ee ee 22.6 22.4 22.3 21.9 22.8 20.9 
— | ee 25.4 22.9 24.8 22.1 25.4 21.6 
4. 8.3 oz. Herringbone Twill ......... 27.6 24.1 26.6 22.8 26.0 21.8 
sh Sl!dlC=eee 28.4 25.0 27.7 24.0 27.0 23.0 
= ) - =a 29.2 25.4 28.6 24.5 27.1 24.4 
— oS eee 29.2 26.3 28.6 25.6 29.1 24.8 
RM, bso dace desseeusece 31.7 26.9 32.4 25.9 30.7 26.0 
Se 2 S “Seer er 33.9 28.7 33.1 27.7 32.8 26.5 
Pe CI is oeesticnaesceus 37.1 31.2 34.7 28.3 32.9 27.6 
OE, ee GD ins beac caswecccae 40.2 34.6 38.8 32.5 36.7 31.2 
12. 13.8 oz. Jungle Cloth ............. 40.3 36.1 39.1 35.3 36.6 33.3 
13. 13.1 oz. Duck (Greige) ........... 41.6 33.1 41.7 33.6 39.1 32.4 
Se errr ee 43.7 35.4 42.0 35.4 41.8 34.3 
BE WO NE is cs 5:00:05 ce'einre oes 44.3 37.1 42.3 34.2 38.4 32.3 
ee Serer ae 46.6 37.8 44.5 34.3 40.4 35.1 
eres ee 47.2 41.5 46.5 39.2 44.4 38.1 
ees EO eee 47.8 44.7 46.8 40.6 44.6 39.8 
eee Sl eee 56.5 44.4 56.8 45.5 54.9 41.0 
eee 61.5 47.9 61.4 46.1 59.4 45.5 





t+ Fabrics thus marked were treated with a non-durable finish. 


type except No. 13 which is untreated. 


All other fabrics are of the durable 


* The weight given represents oz./sq. yd. for the finished fabric. 





sets of samples were tested at several tem- 
peratures and gave appreciably different 
averages. Obviously, a more accurate pic- 
ture would have been obtained by use of 
a greater number of test samples. 
However, for the more important part 
of this work—the correlation of the two 
testers—ten samples of 20 fabrics were 


used in each tester at three different tem- 
peratures. A total of 1200 test specimens 
were used. To give an idea of the varia- 
tion found in the different fabrics, all the 
values obtained at 80° F. are listed in 
Tables III and IV. The average values for 
the three temperatures are found in 
Table V. 
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Fig. 7. Relationship between the A.A.T.- 
C.C. and Suter Hydrostatic Testers at Dif- 
ferent Temperatures. 

Three samples are usually not enough 
for a representative average. Five samples 
would be a preferred number for routine 
or check testing. It is suggested that 10 
samples be taken for a more accurate and 
representative average, especially where 
fabrics known to be variable are con- 
cerned. Of course, five samples will usu- 
ally indicate how variable a cloth is and 
whether 10 samples would be necessary. 

Plots of A.A.T.C.C. values against Suter 
values at 70°, 80°, and 90° F. gave three 
straight lines which were practically coin- 
cident, as can be seen in Fig. 7. The equa- 
tions for the three lines at the respective 
temperatures are A = 1.31S— 4.5, A = 
1.32S — 3.7, and A = 1.328 — 4.0 where 
A represents a value obtained on the 
A.A.T.C.C. tester and S represents a value 
obtained on the Suter tester. The coeffi- 
cient of S represents the slope of the line 
(or the tangent of the acute angle formed 
by the line and the horizontal axis), and 
the constant value is the displacement of 
the line from the point of origin to the 
intersection of the line with the horizon- 
tal axis. The equations were calculated by 
use of the statistical method of least 
squares from the average determined val- 
ues. Thus it is possible to convert from 
one to the other. To calculate § when A 
is known, the equations are used in their 
transposed forms, thus: 

A— 4.5, A — 3.7 
>= ; Ss  ! 
1.31 1.32 1.32 
Because the three lines are practically one 
and variation in temperature between 
70° F. and 90° F. apparently has no ap- 
preciable effect on the relationship found, 
an average line, A 1.328 — 4, might be 
used with a temperature range of 80 + 
5° F. (See Figure 8). 
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Fig. 8. Relationship between the A.A.T.- 
C.C. and Suter Hydrostatic Testers at 80° 
=F 2 

With regard to the relative merits of 
both testers, each has certain advantages 
and disadvantages, the A.A.T.C.C. tester 
affords easier control of temperature. The 
initial and running expenses of the 
A.A.T.C.C. tester are considerably less 
than those of the Suter tester. The amount 
of fabric needed for test in the A.A.T.C.C. 
tester is about 1/5 that required in the 
Suter tester. The Suter tester has certain 
mechanical advantages. The Suter tester 
has an air outlet in the fabric holder; on 
the other hand, care must be exercised in 
filling the well of the A.A.T.C.C. tester 
so that no air is trapped in the well or 
in the tubing. 

After a consideration of the factors in- 
volved, and without any prejudice, the 
authors feel that they prefer the use of 
the A.A.T.C.C, Hydrostatic Pressure Tester. 
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